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NOTICES 


The Educational Testing Service, Princeton, N. J., is offering for 
1949-50 its second series of research fellowships in psychometrics 
leading to the Ph.D. degree at Princeton University. Open to men 
who are acceptable to the Graduate School of the University, the two 
fellowships carry a stipend of $2,200 a year and are normally re- 
newable. 

Fellows will be engaged in part-time research in the general 
area of psychological measurement at the offices of the Educational 
Testing Service and will, in addition, carry a normal program of 
studies in the Graduate School. Competence in mathematics and psy- 
chology is a prerequisite for obtaining these fellowships. Informa- 
tion and application blanks may be obtained from: Director of Psy- 
chometric Fellowship Program, Educational Testing Service, Box 592, 


Princeton, N. J. 


The new address of EDWARD E. CURETON, Treasurer of the Psy- 
chometric Society and Treasurer of the Psychometric Corporation is 
Department of Philosophy and Psychology 
The University of Tennessee 
Knoxville, Tennessee 
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REGRESSION WEIGHTS AS A FUNCTION OF TEST LENGTH 


PAUL HORST 
THE UNIVERSITY OF WASHINGTON 


A battery of pencil-and-paper tests is commonly used for pre- 
dicting a single criterion. If the score on each test is the number of 
correct answers, the composite battery score would normally be the 
sum of the weighted test scores, where the weights are the raw score 
regression weights. Knowing the reliability of each test, it is pos- 
sible to alter the lengths of the tests in a manner such that the 
weights will all be equal. The composite battery score would then 
simply be the total number of items answered correctly and scoring 
would be greatly simplified. Such simplification is particularly de- 
sirable where the volume of testing is large. Section I of the article 
outlines the procedure for altering the lengths of the tests, and Sec- 
tion II gives a proof of the method. 


Section I. Application 

Suppose that a battery of pencil-and-paper tests has been de- 
veloped to predict a criterion variable. We assume that the raw score 
regression weights have been determined from the intercorrelations 
of the tests, their standard deviations, and their validity coefficients. 
In general, the regression weights will not be equal, so that in getting 
the composite battery score it will be necessary to weight the raw 
score on each test and compute the sum of the weighted individual 
test scores. Situations arise where it is necessary to score a large 
volume of tests over a continuous and indefinite period of time. It 
may be that the tests are to be scored in a number of wide-spread 
geographical areas and that the scoring personnel has neither the 
clerical competence nor the computational facilities for calculating 
the weighted composite scores. In such cases, and perhaps many 
others, it might be desirable to have a battery so designed that the 
total number of correct responses on all of the tests in the battery 
would give the best “least squares” prediction of the criterion. This 
would mean that the tests should be designed so that the raw score 
regression weights for each test in the battery would all be qual. 


We shall assume that we have a battery of pencil-and-paper tests 
for which the score on each test is the number of correct responses. 
We assume further that the following statistics have been determined 
by administering the battery to a validation sample: 


1. The standard deviation of each test. 
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2. The reliability of each test. 
3. The validity of each test. 
4. The correlation of each test with every other test. 


The problem now is to modify the length of each test in such a 
way that for the modified battery the raw score regression weights 
will all be equal. If this can be done, then the best weighted composite 
score in the least squares sense for the modified battery will be sim- 
ply the total number of correct responses for all the tests in the bat- 
tery. 

We know that as the length of a test is altered, its standard devia- 
tion, its correlations with other tests, and its validity coefficient all 
change. These changes are functions of the reliability of the test. 
We shail assume, of course, that in changing the length of the test 
we do not change the function which it measures. More specifically, 
we make the following assumptions with respect to the alteration of 
length of test. 


1. The average item variance in the test remains unchanged. 

2. The average inter-item covariance for the items within the 
test remains unchanged. 

3. The average inter-item covariance between the items in one 
test and those in another test remains unchanged. 

4, The average item-criterion covariance remains unchanged. 


The solution to the problem can now be indicated. For the origi- 
nal tests we let 


1; = the reliability coefficient of testi, 

rj = the correlation of test 7 with test j, 

Tic — the correlation of test 7 with the criterion, 

o; — the standard deviation of test 7, : 

w; = the percentage change in test 7, to be determined. 


We shall now show, without proof, how to solve for the w’s in 
terms of the known statistics 7r;;, 7:;, Tic, and o;. In the second sec- 
tion of this article we shall present a proof of the method. 

We write the following set of equations: 


T1183 3 Tro. area TinBn = TN te 


Ti2Bh1 + Toofo 5 eid TonBn = Tee (1) 


TinB1 + TonBbe + +++ + TanBn = Tae « 
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It will be noted that equations (1) are the conventional normal equa- 
tions for determining beta-weights with the exception that reliability 
coefficients rather than unity appear in the diagonal positions. 

We also define certain values which we shall call t’s by means of 
the following equations: 


Tigh, + ryobe + 0+ + Tinkg =o (1 — 11) 
Tioty + Vogt + +++ + Tenby = o2 (1 — 122) (2) 


Tints + Tonkn ial Tuntn = on(1 isd Tun). 


These equations have the same coefficients on the left as the #’s in 
equations (1), but the right-hand sides of the equations (2) are dif- 
ferent. 

Equations (1) and (2) are the fundamental equations to be used 
in solving for the proportions w; by which the length of each test 
must be changed in order to enable us simply to add total number of 
items correct for all the tests in the battery and still get the best pre- 
diction of the criterion in the least squares sense. To solve equations 
(1) and (2) for the #’s and ?’s, respectively, we proceed as in solv- 
ing for the conventional beta-weights. If the conventional Doolittle 
solution is used, then the p’s and t’s may be solved for simultane- 
ously simply by carrying two constant columns at the right-hand 
side, namely, one consisting of the 7;.’s and the other the values 
oi(1 — rii). Two separate back solutions will be required, one for 
the f’s and the other for the ¢’s. 

Once the f’s and ?t’s have been solved for, we can show that the 
proportions by which the lengths of the tests must be changed are 


Kp, ae ty 
ee 
0} 
Kp. nee te 
Sa 
; o2 (3) 
KB, tn 
Wn = 
on 





Equations (3) are the general equations which give the solutions 
for the proportions w;. However, it will be noted that they contain 
a constant K which has not yet been defined. To determine K we 
must introduce an additional condition or restriction to the solution 
for the w’s. We might specify, for example, that the over-all length 
of the new battery be the same as that of the original battery. A 
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more suitable restriction might be that the multiple correlation of the 
altered battery with the criterion shall be a specified value. For ex- 
ample, we might specify that the multiple correlation of the battery 
of tests of altered length be the same as the original battery. In any 
case, if we specify RF, the multiple correlation of the altered battery 
with the criterion, it can be shown that K is given by 


3 tj Lei 
K =—___.. (4) 
p> Bi Ti — i* 


Equation (4) is of particular interest because of the left-hand 
member of the denominator term, © f; 7-i:. It can be proved that this 


summation would give the value of the multiple correlation if the 
lenghts of all the tests were increased to infinity so that theoretically 
they would all be perfectly reliable. Actually, therefore, the value R 
specified for the multiple correlation of the altered tests must be less 
than the quantity ¥ 6; ri. 

To illustrate the method, suppose we have two tests X, and X, 
and a criterion c. 

The reliabilities for the tests are 


Ty, =.70, 
To. = .60. 
The correlation between the two tests is 
ti. = 220. 
The validities are 
Vie = AO ’ 
T.. = 30. 
The standard deviations are 
~~ : | ’ 
02 => 9 * 
Using the above appropriate values in equations (1) and (2), we get 
B, = .474 _=14 
fb. = .842 t, = 5.53. 


For the multiple correlation of the original two tests with the cri- 
terion, we have from the above validities and intercorrelations 


R=yV/3i or B= 21, 
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which we specify shall also be the multiple correlation for the tests 
of altered length. Next we calculate the value K given by (4). 


1.42 X 40 + 5.58 X 30 
~ (474 X .40 + .842 X .80) —.21 


Substituting the required numerical values in equations (3), we have 


26 X .474—1.42 _ 


= 26. 











w,= 1.56, 
7 
26 X .342 — 5.53 
W2= 9 = .38 


Therefore, if we wish to maintain the original multiple correla- 


tion of \/.21 and alter the lengths of the tests so that the battery 
score will be simpiy the total number of items answered correctly on 
both tests, we see that: 

Test 1 must have 56% more items; 

Test 2 must be reduced to 38% of the original number of items. 


Section II. Mathematical Derivation 
The proof of the method outlined above is as follows. We let 


a; = the number of items in the original test 7. 
b; = the number of items in test 7 of altered length 
P;,,= the average covariance among items in test i 
P;; =the average covariance between items in tests 7 and 7 
P;,,= the average covariance between items in test i and the 
criterion 
o;? = the average variance of the items in test 1 
oa, = the standard deviation of test 7 of original length 


ity, the standard deviation of test 2 of altered length 


P, = the covariance matrix of the tests of original length 

P, = the covariance matrix of the tests of altered length 

P..= the vector of covariances between the original tests and 
the criterion 

P,, = the vector of covariances between the altered tests and 
the criterion 

P= the matrix of the average covariance of the items in 

test i with the items in test j 
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P,= the vector of the average covariance of the items in test 
2 with the criterion 
D, = the diagonal matrix of the a’s 
D, = the diagonal matrix of the b’s. 
It can be proved that 
Gq, =A, ai? + (A? —A;) Pi 


or 


oa" = 4;(0;7 —Pii) + a;? Pi. 


Similarly 
Phe b:(o;?— P,;) + 0,7 Py. 


We let 
D,= 07? — Pii 
and 
D = the diagonal matrix of the D;’s defined by (4). 


It can also be shown that 


a; a; P;; is the typical non-diagonal element in P,; 
a; D,; + a,? P;; is the typical diagonal element in P,; 
a; P;, is the typical element in P,.; 
b; b; Pj; is the typical non-diagonal element in P,; 
b; Dj + b;? P;; is the typical diagonal element in P,; 
b; Pi, is the typical element in P;,. 


We have then 
D_.D+D,PD,=P. 


D,D+ D,PD,=P, 
Da Pe= Pre 
D, P.= Pre . 
From (5) and (6), respectively, 
P=D>-" P.D-'—D=-“ D 
P=D,1P,D°—D,"D. 
From (7) and (8), respectively, 
P. = Dy" Pac 


P= P,;4 Py ° 
From (9) and (10), 
P,=D,D,?P,D2D,—D?DoD+DD. 
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From (11) and (12), 
Pre = Dy Da Pac « (14) 


We specify that the raw score regression weights for the tests of 
length b shall all be equal, i.e., this vector is G 1 , where G is a scalar 
to be determined, and 1 is a vector all of whose elements are unity. 
Then 

GP,1=P,,. (15) 


Substituting from (18) and (14) in (15), 
G(Dp D> P, D> D, ea D,? Dy? D + Dz D)1 = Ds Do Pos e (16) 
Premultiplying (16) by D,? D., 


G(P, Do D— DD, + De D)1= Pa. (17) 
We let 


D, 1 = V, = the vector of the b’s, so that (17) gives 
G(P,Do*— D)Vi=Pac—GDD1 


G V,= (P. Do? — D) (Pee — G Da D 1) 


1 
Vs=D.(P,—D, D)** ( = Puc Dz D 1) . 


(20) may be written 
Vi=D, Do [Do (P, — Du D)Do*}* 
(21) 


1 1 
x Dez! oe Do, | ~ Dez! (= Pae—D.D 1) ry 


Cc 


where De is a diagonal matrix of the standard deviations of the origi- 
nal tests. 
But if we let 
vr = the matrix of intercorrelations of the tests of original length, 
and 
1, = the vector of criterion correlations of the tests of original 
length, 
then 
Do" Fy Do” =f, (22) 
1 
— Doz Pac ="e. (23) 


Ge 
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Substituting (22) and (23) in (21) gives 
V.=D, Do" [r— Do? D, D Do") “1 vik = Do? D,D1 . (24) 


Next we consider the expression Do” D, D Da”. The typical diago- 
nal element of this diagonal matrix is 


ai (oi? — Ps) 











d, : (25) 
Ca. 
If we solve for P;; in (1), we get 
a, — A oi” 
; Py, = i aercg (26) 
Substituting from (26) in (25) gives 
a, — 4 04” 
oi? scininaie Sitemap ibieitieasamnsibeniaeiiisliian 
a;* — a; 
d; =a; 3, (27) 
or 
@;? o;? — o,? 
i (@— Dot’ (28) 
We may now write from (28) 
a;? oi” as oa" 
1—d,;= 1 — —_——_ 
(a; 7 1) 04° 
or 
Gar ii Gi? 
a; $ 


But the right-hand side of (29) is the Kuder-Richardson formula 
(20)* for the reliability of a test in terms of the number of items, 
the average item variance, and the total test variance. Hence we may 
designate 

d;=1—-7ii (30) 


as the unreliability of test 7. 


* Kuder, G. F. and Richardson, M. W. The theory of the estimation of test 
reliability. Psychometrika, 1937, 2, p. 158. 
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Letting D, be a diagonal matrix of the d,’s, we can now write 
a DD Do> = D,. (31) 
Substituting (31) in (24) we have 


V,.—D, Dez tr—D.J>| Gree Do 1 | ° (32) 
We require now the constant o,/G in (32). We may specify that the 
multiple correlation of the altered tests shall be some assigned value 
R. It is well known that if P, be the vector of covariances between 
the independent and the dependent variables, and B the vector of 
deviation score regression weights, then 
B'P, 
r= , 


oe? 





For the altered tests, we have P, = P,, and B=G4i1. Therefore we 


can write 
G1’ Pr 
r?= P (33) 


oc? 





Substituting (14) in (38) gives 
G1’ D; Da Pac 





R= (34) 
; oe 
And from (28) and (34) 
G 
R?=— (VV; Do“ Da, 1). (35) 
Tc 
Substituting from (32) in (35), we have 
-1 
w= S(Sre—1 Dy De \(r—D.) Te (36) 
Cec G . 
or 
G -1 
R= (r/——1'D, De )(r—2.) Te 
Cc ? 
(37) 


=r. (r— Dy) re ‘idee 1D, Dz, (r— Dy) 1c. 


Gc 


Solving (38) for = 
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Lo (7 — D,)"* D. Dz, 1 
G ee—-ao*h-r 
Equation (38) presents in matrix notation the value of K given in 


equation (4) of Section I. 
We let 





D; V,= Vw 
Rees (39) 
(~~ 27,)* Dy Dz, 1=t, 


Substituting equations (39) in (32) gives 
Ve= Do [K B—t]. (40) 


Equation (40) gives us in matrix notation the equations (3) in Sec- 
tion I and concludes the proof of the method outlined in Section I. 

It is to be noted that the derivation of the formulas given by 
equations (1) through (4) in Section I imply the use of the Kuder- 
Richardson formula (20) for estimates of the test reliabilities. Since 
this formula applies only to work-limit tests, the method outlined ap- 
plies in the strictest sense only to work-limit tests. Further investi- 
gation is required to determine how other estimates of reliability 
would affect the validity of the method. If we are dealing with time- 
limit tests, then probably the best estimates of reliability are to be 
obtained from separately timed halves of each test. In this case, the 
w-ratio would then be the ratio of the new time limit for a test to its 
original time limit. One should make sure, however, that the num- 
ber of items in the new test is sufficient for the new time limit as 
determined by the w-ratio. 
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A SIMPLIFIED METHOD FOR APPROXIMATING 
MULTIPLE REGRESSION COEFFICIENTS 


J. A. GENGERELLI 
UNIVERSITY OF CALIFORNIA, LOS ANGELES 


A method of exhaustion has been described for calculating re- 
gression coefficients. This method dispenses with the solution of si- 
multaneous equations but utilizes a process of successive extraction 
in obtaining £’s, where each successive 8 is maximized. This pro- 
cedure permits the worker to discard as he goes along those weights 
which are deemed unsatisfactory for purposes of prediction. The ~ 
coefficients and the R in a problem involving a critericn and six in- 
dependent variables were calculated in sixty minutes. The R’s ob- 
tained by this method are smaller than those yielded by the Doo- 
little technique, but in problems which have been considered this dis- 
crepancy has not exceeded .05. 


1. 

The calculation of multiple regression coefficients when more 
than three independent variables are involved consumes a great deal 
of time. During the last twenty-five years a great many schemes have 
been proposed which are designed to reduce the arithmetical labor 
incident to the solution of sets of simultaneous equations. The best 
known of these perhaps are the simplifications of Kelley-Salisbury 
(13), Kurtz (15, 16), Wherry (21, 29, 30, 31) and Thomson (22). 
While the methods proposed by a number of writers on this subject 
do indeed achieve a notable reduction in the amount of clerical work 
and computation entailed, it is felt that an approach which is some- 
what different from those suggested heretofore affords even greater 
economy of work without much loss in accuracy. Since the method 
to be described differs in principle from most approximation proce- 
dures, our 6 weights in a given problem differ markedly from those 
obtained by other methods; however, the R’s given by our regression 
weights compare favorably, for instance, with those obtained by the 
Doolittle technique. 

There are some workers who are of the opinion that any economy 
achieved in the calculation of regression coefficients must necessarily 
be quite small when compared to the time and effort which must be 
expended in collecting the basic data and calculating the necessary 
correlations, and that hence any “short-cuts” which may be devised— 
even when they entail no loss in accuracy—are hardly worth while. 
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It is true that the time required to calculate the regression constants 
will always constitute a small percentage of the total time involved 
in the problem; however, the criticism is quite irrelevant. A saving 
of two hours, for instance, is in no sense depreciated by the number 
of hours of work preceding it; it represents two hours which can be 
employed doing something else. 

The present method is based on the principle of “exhaustion.” 
It will be first described, then applied to several problems and the 
results compared with those obtained by the Doolittle technique. 


2. 

The essence of the method is to determine, successively, the val- 
ues of the various regression coefficients. Usually, of course, these 
values are determined simultaneously. 

Let z represent the criterion score in standard units, and 
Z,, Z2,°+:, 2, the various test scores in similar units. 

To determine the regression weight of Test 1, that is, the value 
of £,, we write, using the usual least squares criterion, 


d 
ge Zo a 1"1 7= 0. 1 
ap. > [4% — p41] (1) 
Solving in the usual manner, we have 
Bi =o. - (2) 
For Test 2, . 
d 
> [2% — (8141 + Bor) J?=0, (3) 





dp. 
where f; is now a known constant. After the usual manipulations, 
we obtain 





Bo = Toe — BiTi2 (4) 
Since £, is known, /, is quickly calculated. 
For Test 3, 
d 
dp > [Zo — (B12: + Boz. + B3:2%3)]?=0, (5) 
where f, and f, are known constants. This gives 
Bs = 1o3 — B:T 1s — Bo12s « (6) 


Proceeding in the same manner, we obtain for f, and £;, respec- 
tively, the equations 


Ba = Toe — Bit sa — Baton — Bs (7) 
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Bs = Tos — BiT 1s — B2%2s — B35 — Bal as « (8) 


Analogous equations are obtained for situations where more than 
five independent variables are involved. 

The foregoing procedure will not yield the same weights, of 
course, as does the usual method involving the solution of 7 simul- 
taneous equations. Furthermore, the multiple correlation coefficient 
obtained from the regression equation determined in this manner 
will nearly always be slightly lower. This arises by virtue of the fact 
that the £ coefficients so obtained are not the coefficients of “best fit,” 
since these latter are obtained by solving the necessary number of 
simultaneous equations. 

In order to calculate the multiple correlation coefficient (R), it is 
necessary to evaluate o in the formula 
_ SX % 

No o-. 


0 #0 


R , (9) 





where Z, is the predicted score, that is, 2) = 6,2, + Boz. +++: + B,2r- 
© = [$3 (Bier + Bate +--+ + Bree) 1" 





= (624+ B2+.--- + B2 + 2358.8.7;;)1”2 (10) 

(B,? + Be Br DBiBjrij)*”*. 

Since = 1 and 

D 2 20 
: = Bio + Booz +++ + BTor, 
equation (9) becomes 
AT > BoP oz ses + B-Yor 

(11) 





(B22 + By? +o + BA + QE) 


It is evident that the value of 8 for any given test will be in- 
fluenced by the position which that test occupies in the series of suc- 
cessive extractions. Thus if Test A happens to be the first to have its 
regression weight determined, the value of its regression coefficient 
will obviously not be the same as it would be if it were the third in 
the series. We require, therefore, a criterion to determine the iden- 
tity of Tests 1, 2, --- , x, since there are r! distinct patterns of ex- 
traction possible. Experience to date with the method shows that 
not only is the size of a given regression coefficient influenced by the 
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pattern of extraction, but the value of the multiple correlation co- 
efficient as well. 

In devising a criterion, we are guided by the consideration that 
the highest R will result by maximizing the numerator of expression 
(11) and minimizing the denominator. Now, the number of terms 
in the numerator increases directly as the number of tests in the bat- 
tery, but the number of terms in the denominator increases as its 
square. While it is true that, in general, the values of the terms in 
the numerator are likely to be larger than those in the tail of the 
denominator (these latter are the products of three decimal values), 
the small values of these denominator terms are compensated by their 
number as the size of the battery increases. Hence, unless the value 
of each term in the numerator is relatively large, the increment in 
the value of the denominator will reach and then exceed the increment 
in the value of the numerator with each added test in the battery. 

From the above it is evident that the criterion is fulfilled by that 
order of extraction which “determines” or “exhausts” the criterion 
with the minimum number of tests. This will be accomplished, usual- 
ly, by employing an order of extraction which parallels the descend- 
ing order of 7); values (21, 25, 27). Thus, that test having the high- 
est correlation with the criterion is termed Test 1; the next highest, 
Test 2; and so on. This procedure has the effect of quickly ‘“exhaust- 
ing” the values of the regression coefficients, in that they become suc- 
cessively smaller (unless a particular test has little or no correlation 
with the others) and may assume negative values. This permits the 
worker to stop at any desired point and thus saves much useless la- 
bor. Indeed, any test whose regression weight is considered too small 
to be useful, or whose sign is opposed to that of the test’s correlation 
with the criterion, may be eliminated straight-away from the battery 
since this in no wise prejudices the weights which have been calcu- 
lated already.* 

As a very simple illustration of this point, consider the synthetic 
data shown in Table 1. Here §, = .50 and $, = .15. If we consider 
only Tests 1 and 2, they yield an R of .5227. Test 3 gives 6; = —.03. 
Calculating R from these three tests, we obtain the value .5232. Test 
4 gives 8, — —.074. The R between these four tests and the criterion 
now becomes .5279. 

* A procedure which “exhancts” tho regression weivhts even more rapidly 
is that which imposes the condition 8, > ~, >... > B,. This procedure con- 
sumes more time, since the above condition can be realized only by a trial-and- 
error process, at Jeast after the first two or three weights have been extracted. 
In a given case, however, it may be that the additional time required is amply 
compensated by a reduction in the work entailed in determining which tests should 


be included in a batterv to vield a desired multiple correlation. In the present 
paper, however, this method has not been used. 
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TABLE 1 
2 3 4 0 
1 .20 .20 .20 -50 
2 .20 .20 25 
3 .20 10 
4 05 





3. 

We shall now apply the method described to a number of prob- 
lems, and compare the results with those obtained by the Doolittle 
method. 

Problem a. This is a synthetic problem, with the following as- 
signed values: 79: = .707; 1o2 = .707; 112 = .707. 

Using the usual methods, 8, = 8. = .414; R = .765. Our method 
yields: 8, = .707; 6. = .207; R = .746. The multiple correlation 
yielded by the usual method exceeds ours by .019. 


Problem b. A second synthetic problem is presented with the 
following assigned values: 19: = .73 To2 = .53 112 = .3. 

Using the usual methods, 8, = .604; 8, = .319; R = .763. Our 
method yields: 6, = 7; 6. = .29; R= .761. The multiple correlation 
obtained by the usual method exceeds ours by .002. 


Problem c. A synthetic problem of much greater interest was 
set up by Dr. George E. Mount and submitted to treatment by the 
method. He set up 4 columns of digits (NV = 100) having equal 
means and equal variances, and intercorrelating essentially zero. These 
columns were designated a, b, c, and d. The columns were then 
compounded to give six columns of data: a,a+b,b+ec,ct+d, 
a+b+e,anda+b+c¢+d. The column a+ 6 + c+d con- 
stitutes the “criterion” column, and will be designated by the symbol 
“0”. For the sake of brevity, these columns will be designated by sim- 
ple digits, as shown in Table 2. From these data Dr. Mount com- 
puted the intercorrelations shown in Table 3. 

Applying the method to the data in Table 3, the following weights 
were obtained: 8, = .86; 8. = .01; 6; = .36; 6, = —.01; pf; = .03. 
R= .9414, 


TABLE 2 








0 1 2 $s 4 5 
a+bt+e+d a+b-+e b+e e+d a+tb a 
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TABLE 3 
2 3 4 5 0 











1 81 39 81 55 86 
2 50 49 00 71 
3 —.038 —.05 -70 
4 69 68 
5 AT 





It is interesting to consider these weights in light of Table 2. 
Since the “criterion” score is composed of a + b + c+ d, it is clear 
that Test 1, (a + b + c), and Test 3 (c + d) should, between them, 
account for the “criterion.” Our results are in accord with this ex- 
pectation since only f, and §; have values which need be considered 
significant. 

It is worth while to compare the results obtained by the above 
procedures with those resulting from the Doolittle Method. The 
weights given by the latter are: 6, = —.081; f. = .121; 6; = .695; 
Bb, = .627; §; = .116. R = .9918. That R is not 1.00 is attributable 
to “sampling errors” involved in setting up the problem (Cf. Table 
3). It is evident that while Tests 3 and 4 completely “specify” the 
criterion (Cf. Table 2), the weights assigned by the Doolittle Method 
to Tests 2 and 5 are not negligible, and hence 4 tests are required to 
predict the criterion. In this case, the difference in predictive potency 
between the Doolittle Method and the one presented here is quite 
great, namely, (.99)* — (.94)? = .10, and demonstrates quite clearly 
the shortcomings of the method of exhaustion in regard to accuracy. 
However, it is interesting to note that, from an analytical point of 
view, this method gives a clearer picture of the relationship between 
the tests and the criterion than does the other. 

The following five problems, d, e, f, g, and h are taken from 
the literature. The method of exhaustion is employed in each case 
and the results are compared with those reported by the respective 
authors. 


Problem d. Data taken from Guilford (9, p. 384). The inter- 
correlations reported are: 7, = .452: T 2. = .414; 7,2 = .890. Results 
are shown in Table 4. 





TABLE 4 
B, By R 
Guilford 048 .280 .525 


Exhaustion 
Method 452 .238 516 
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TABLE 5a 
2 3 4 0 




















1 390 .000 000 .452 
2 —.075 —.025 414 
3 —140 318 
4 —.246 
TABLE 5b 
a 6 COB Bb, 





Guilford 8341 .8023 .3135 —.1946 .651 


Exhaustion 
Method .4520 .2878 .83858 —.1931 .630 




















TABLE 6a TABLE 6b 
2 3 4 0 B, Bp Bs B, R 
1 39 8.69) 4972 Thomson  .390 .431 .222 .018 .83 
2 19 ot 63 ‘ 
3 38 58 Exhaustion 
4 41 Method 72 25 002 —.05  .81* 
*In calculating R the weight of Bs was omitted, 
thus increasing slightly the value of the multiple 
correlation. 
TABLE 7a 








2 3 4 0 

















1 -735 .578 .567 .691 
2 642 .896 .653 
3 370 = .416 
4 334 
TABLE 7b 
B, Bs B, B, 
Peters and 
Van Voorhis .5203 .85380 —.0857 --.0691 .73 
Exhaustion 
Method .691 1451 —.0762 —.0870 .71* 





*In calculating 2, Bs and Bs are omitted, thus increasing the 
value of the multiple correlation. 
Problem e. Guilford (9, p. 390). The reported intercorrelations 
are given in Table 5a; results, in Table 5b. 


Problem f. Thomson (23, p. 91). The reported intercorrelations 
are given in Table 6a; results, in Table 6b. 
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Problem g. Peters and Van Voorhis (19, p. 230). The reported 
intercorrelations are given in Table 7a; results, in Table 7b. 


Problem h. The advantages of the exhaustion method are per- 
haps best demonstrated with the data reported by Kurtz (16) ina 
paper proposing a simplification and extension of the Doolittle tech- 
nique. Seven variables were involved in this particular problem, in- 
cluding the criterion. It was chosen as an illustration because most 
of the correlations are small, and almost half of them negative in 
sign. The correlations, and the regression weights resulting from the 
application of Kurtz’s and the present method, are given in Tables 
8a and 8b, respectively. 


























TABLE 8a 
; 2 aa 3) ew ri _ = 6 0 

1 .3203 .3690 —.51738 —.2940 3664 -2604 

2 8252 —.8350 —.3209 .2379 .1339 

3 —.2876 —.1991 .2766 .2878 

4 -7842 —.5080 —.2544 

5 —.4204 —.1991 

6 .6787 

ee _ B, Bs B, B, Bs R 

Kurtz 0041 —.0340 .1297 .0991 .0397 -7164 .6978 
Exhaustion 
Method — — -0995 — — .6787 .6865 





It will be seen from Table 8a that Test 6 correlates highest with 
the criterion; hence it was extracted first. Thus 6, = .6787. Test 3 
gives the next highest correlation and was next extracted, with 
f, = .0995. Test 1 has the third highest correlation with the criterion, 
and its regression coefticient is 6, = —.0250. Proceeding in this man- 
ner, we obtain, in order: 6, = .1140; 6; = .1052; 6.— —.06. 

Upon inspecting Table 8a, it is clear that the coefficients f,, f., 
6,, and #; are to be discarded as they appear, for in each case the § 
and the correlation of its corresponding test with the criterion have 
opposite signs, and hence contribute nothing to R. In fact, calculat- 
ing FR on the basis of f, and f; alone, we obtain R = .6865. (Kurtz, 
on the basis of the six coefficients reports an R of .6978). The time 
required for the necessary computations was 60 minutes.*+ 


* The computations were done by the writer, who is a less than fair calculat- 


ing machine operator. 
+ In this problem, it will be noted, the subscripts do not indicate the onder i in 


which the weights were extracted. 
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It is instructive to consider the results of a different order of 
extraction of the regression weights on the value of R in the above 
problem. If the /’s are extracted in the order 1-2-3-4-5-6, we have 
B, = .2604; 6. = .0505; £; = .1747; 6, = —.1184; 6; = .0160; B= 
.5873. However, these f’s yield an R of .6237, which is .055 lower 
than the highest zero order (1; = .6787). 

The above serves to emphasize the importance in the present 
method of the “proper” order of extraction—namely, in the descend- 
ing order of the § values, or in the descending order of 7; values. 


4, 

The results given in the preceding section show that the meth- 
od of exhaustion yields regression coefficients giving values of R 
which are lower than those calculated by the Doolittle method, al- 
though in none of the examples considered does this discrepancy ex- 
ceed .05. This loss is not intolerable, — at least for multiple corre- 
lations not exceeding .7, — when it is considered that the time required 
to calculate the regression coeificients in a problem involving four or 
more independent variables is reduced by the order of 75-85 per cent. 
In any case, the method offers a simple technique for obtaining a 
good approximation to the value of R existing between a test battery 
and the criterion. 

It is believed, however, that the principal advantage of the meth- 
od of exhaustion lies in the fact that it presents a simple procedure 
for the rational construction of an efficient test battery, since it per- 
mits the investigator to discard as he goes along those tests which 
vield undesirable factor loadings or loadings which are too small to be 
useful (21, 25). 

Given a number of tests and their correlation with the criterion 
and with one another, the worker chooses that test, — e.g., Test A, — 
having the highest correlation with the criterion as one element in 
the battery to be constructed. Its weight is 7, (25). He next pro- 
ceeds to determine the second element in the battery. By applying 
equation (4), he is in a position to discard all those tests whose 
weight is insufficient and retain that one which meets his require- 
ments. He now proceeds to seek the third element in the proposed 
battery by applying equation (6) to those tests which remain. This 
process is continued until all the tests at hand have been considered. 
As a result, the investigator may find, for example, that of the n 
tests which were available, only one-third yielded useful regression 
coefficients. If he so chooses, he may now submit to the Doolittle 
technique the tests which have been retained in order to obtain for 
them optimal regression weights. By this preliminary analysis he 
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has reduced the number of simultaneous equations to be solved from 
nto n/3. 

This procedure is to be contrasted with the Doolittle technique, 
for example, where all tests would be submitted for optimal weight- 
ing. Let it be supposed that as a result /3 tests showed significant 
regression coefficients and that only these tests were retained in the 
battery. In the actual practice of forecasting the criterion in an ex- 
perimental] situation, it would not be desirable to use these regression 
weights as calculated. Since their values were determined on the 
basis of n tests, these weights would not be optimal for the case where 
n/3 tests are used. It would therefore be necessary to apply the Doo- 
little procedure a second time in order to obtain the optimal weights 
on the basis of the tests retained in the battery. The use of the meth- 
od of exhaustion would obviate the labor involved in the first step of 
the analysis. The advantage of the procedure is shown concretely in 
Problem h. 


Summary 

A method of exhaustion has been described for calculating mul- 
tiple regression coefficients. This method dispenses with the solution 
of simultaneous equations and thus requires much less time and nu- 
merical computation. The R obtained by the method is smaller than 
that yielded by the usual procedures, but in the problems which have 
been treated this discrepancy has not exceeded .05. An additional 
advantage of the method lies in the fact that the weights are calcu- 
lated successively ; hence any test yielding a very small or negative 
weight may be discarded at once without affecting those weights which 
have been already found. The use of the method in the construction 
of test batteries is described. 
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A person can be openly friendly, or hostile, or war-weary. 
Depth-psychology has shown that the underlying mood is also impor- 
tant. In the present theory the independent variable is time, and the 
dependent variables are the numbers of persons in different war- 
moods in two opposing nations. The rate of conversion of persons 
from one mood to another is taken to be proportional both to the 
number of susceptible persons and to the number of influencing per- 
sons, as in Kermack and McKendrick’s theory of epidemics of cholera 
(15). This formulation leads to a set of differential equations nearly 
but not quite like those whereby Volterra (41) described the interac- 
tion between predator and prey among fish. Here the constants are 
fitted to the history of the First World War. The gregarious mo- 
tive to follow a fashion of either peace or war is formulated as an 
amendment. 


General Introduction to Parts I and II 


This is a study of the moods of populations before, during, and 
after a war. The author’s underlying purpose has been to aid in the 
maintenance of peace. For it is undeniable that the moods revealed 
during a war have much relevance to the instability of peace. This 
study unites an abstract of historical fact with the psycho-analytic 
doctrine that the unconscious is important, and then tests the result- 
ing hypotheses quantitatively by comparison with events. Only broad 
general features of a war are considered, namely, the numbers of 
people concerned, the emotional drives of the majority, and those of 
a few important minorities. Almost all of the well-known dramatic 
incidents are ignored. Instead the war is described as a continuous 
conative process: a smoothed war, like a gale without the gusts. Even 
with this simplification, the treatment inevitably becomes elaborate. 

Although the account is really all one continuous argument, yet 
to make it more readable, it has been divided into parts IA, IB, IIA, 
IiB, JIC, as follows: 


Part IA War-moods, conscious and unconscious 


This relates mainly to Germany, Britain, and the war of 1914- 
18. Historical facts are collected and are brought into relation with 
the well-established psychological fact that the adult human mind 
functions in at least two levels. Without this simple broad concept 
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of the sub- or unconscious, some quantitative aspects of the history 
would be incomprehensible. On the contrary, no use is here made of 
the detailed Freudian theory of the mental life of infants. 

To Prof. T. H. Pear I am indebted for some revisions of Part IA. 


Part IB War-moods and the theory of epidemics 


The observation that fighting is infectious led to a hint being 
taken from the mathematical theory of epidemics, as published by 
Kermack and McKendrick. This theory relates to the inter-actions 
between fractions of the populations. 

The reasoning of Part IB is inductive. Peviasbaatan’ processes 
such as infection by war-fever, or infection by defeatism, are fitted 
with mathematical descriptions containing adjustable constants. At 
each stage in the inductive reasoning there are, in the background 
of thought, countless varieties of formulas which would not contra- 
dict the historical evidence. From this plethora, in accordance with 
Occam’s “razor,” the simplest formula is chosen. Various infective 
processes are first studied separately in Part IB. 

In Part ITA the same processes are regarded as possibly simul- 
taneous. This leads to an organized system of quantitative hypothe- 
ses expressing the rates of change of six fractions of the population. 
These hypotheses are consistent with one another, they describe the 
facts mentioned in Part I, they are as simple as these facts permit 
them to be, and jointly they form a system capable of yielding pre- 
dictions. Although the complete system of equations is in general un- 
wieldy, it is nevertheless solved approximately in the successive 
phases from peace through war to peace again. Verifications are thus 
obtained by comparison with historical facts. The orders of magni- 
tude of the constants are estimated. Rigid determinism is of course 
not to be expected. 


Part IIB Gregariousness and war-moods 


Critical allusion is made to W. Trotter’s Instincts of the Herd in 
Peace and War (37). The motive which Trotter described is for- 
mulated, at first in isolation, and then in competition with a motive 
for change. It seems likely that this theory, here designed with ref- 
erence to war and peace, would also illuminate the course of fashions 
in hats or in spelling; but such applications are not investigated. In- 
stead the theory is applied to describe the crisis in Britain in Sep- 
tember 1938 when Chamberlain’s hope was “Peace for our time.” 

Part IIC publishes Dr. E. B. Ludlam’s chemical analogy to per- 
sonal initiative, by his permission. 
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PART IA 


THE FRACTION OF THE POPULATION THAT WAS IN 
FAVOR OF THE WAR OF 1914-18 


Introduction 


The fraction of the population that is in favor of any existing 
war is obviously important in a democratic country and cannot 
be ignored even by a so-called autocrat. Yet among the enormous 
mass of recorded information it is hard to find enough good quanti- 
tative measures. Let N be the total number of concerned persons in 
any population. We may omit young children as not concerned. Let 
¢* be the number of persons who are willing to prosecute the war 
either by actual fighting or by supporting it in any other way. Let 
us seek to estimate the ratio ¢*/N = ¢ for two nations at different 
times. In so doing let us ignore, temporarily, the important psycho- 
analytic finding that an individual person is often in a state of in- 
ternal conflict. He is here to be classified by that part of his per- 
sonality which has control of his voluntary muscles. Later we shall 
distinguish two parts n and p of ¢= 7 + p. It is necessary to pass 
in review a great many particular events, the narrative of which has 
already often been published, in order to extract, if possible, a few 
psychological principles that are likely to be applicable to the future. 

It will suffice, for a beginning, to consider only two sample na- 
tions, Britain and Germany. The reader is requested to compare Fig. 
1 with the following narratives. 
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Fic. 1.—The ordinate { represents the fraction of the population that was 
overtly in favor of the war of 1914-18. This diagram is based on historical facts, 
not on mathematical theory. 

Circles mark the British by-elections, 
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Statistical surveys of public opinion are not available for the 
First World War. As I have occasionally to rely on personal impres- 
sions, I should perhaps explain that by then I was already intensely 
interested in the: group-psychology of. peace and of war. I spent the 
years 1916 (Sept.) to 1919 (Feb.) in a British motor-ambulance con- 
voy (S.S.A.13) attached to a French infantry division (16ieme), a 
situation which ailowed me to observe the moods of the French sol- 
diers and to compare them with official propaganda. In 1919 I pub- 
lished a book on the Mathematical Psychology of War (28). 


In Britain 

Looking at the situation as it appeared in the early months of 
1914 one can observe that there had been in July 1911 an angry in- 
cident between Britain and Germany concerning Agadir; an arms- 
race had been in progress since 1909 and yearly was growing more 
evident; the Northcliffe Press was repeatedly calling attention to Ger- 
man ambition and rivalry with Britain in trade; yet it was also com- 
monly said that nobody in Britain wanted war with Germany. Those 
who remember that time will perhaps agree that “nobody” may be 
interpreted as implying that ¢ was certainly less than 0.1 and prob- 
ably less than 0.01. In June 1914 the British newspapers were occu- 
pied with Ireland rather than Germany. In July 1914 they switched 
their attention to the Continent of Europe. After the Austrian ulti- 
matum to Serbia on July 23, 1914, the “Times,” “Daily Telegraph,” 
and “Daily Mail” were in favor of war, while the “Manchester Guard- 
ian,” “Daily News,”’ and “Nation” argued for neutrality. See Hirst 
(11, p. 6). There had been a bitter parliamentary feud between the 
Liberals and Irish Nationalists on the one hand and the Unionists 
and Ulstermen on the other, accompanied by threats of civil war 
in Ireland. On July 24, 1914 Asquith reported to the House of Com- 
mons that the Conference on Ireland, summoned by the King, had 
failed to agree. Yet on August 3, 1914 the Unionists and Irish Na- 
tionalists offered their support to the Liberal Government in a war 
against Germany. F. E. Smith, who had taken a conspicuous part in 
the formation of the illegal Ulster army, accepted office under the 
government (24, Commons 1914, Aug. 31). Evidently ¢ rose rapidly 
in the course of about ten days from a value near zero to a value near 
unity, as shown in Fig. 1. The German invasion of Belgium had a 
great effect in Britain. To what value ¢ rose is difficult to ascertain. 
The official report of the debates in the House of Commons from July 
20 to July 31 shows lists of members voting on criminal justice, fi- 
nance, tramways, housing; Anglo-Persian oil; on whether they should 
continue to discuss disturbances in, Dublin; on milk and dairies, agri- 
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culture, aliens, and inebriates; but for August and September, 1914 
no voting lists appeared. This is a sign that there was general agree- 
ment. Yet on Aug. 3, 1914 there were at least nine speeches in the 
Commons asking the government to try to keep out of war. Hirst 
(11, p. 10) states that about 40 M.P.’s voted against the war. As 
there were about 670 members we may, by correcting “voted against’ 
into “opposed,” take Hirst’s statements to imply that ¢ = 0.94 for 
the House of Commons. Out of a Cabinet of 21 members, 2 resigned 
in protest against the war; and 19/21 = 0.90. 

It must be remembered that Parliament was probably aroused 
more quickly than the population in general. On the other hand, Par- 
i ' would not have supported the declaration of war unless it 

_eueral belief that the population was in favor, that is to say, 
iav , > 0.5. During August, 1914 I should say, from memory, that 
continued to rise; and perhaps it did so for several months. As 

“uantitative data for 1914 are scarce, we may take a hint from those 
elsewhere stated for 1939. The date of the maximum of ¢ cannot be 
fixed. It may have occurred in 1914 or 1915. But the nation was 
never perfectly unanimous; for among 5.7 X 10° men called for mili- 
tary service it is stated by Graham (10, p. 348) that there were 
16,100 genuine conscientious objectors. Whence we may suppose that 
¢ < 0.9972. In Britain (and France) the years 1915, 1916, and 1917 
were commonly described as a period of deadlock in the war. Food 
became scarce, prices rose, there were enormous land battles, one’s 
friends were killed; but there was a general determination to persist. 
It was accompanied by an increasing weariness of war, which at the 
time was suppressed in the individual, but which had its effect after 
the armistice. 

On Jan. 9, 1917 the Union of Democratic Control held a public 
meeting at Walthamstow in favor of a negotiated peace. The speak- 
ers were Mrs. Phillip Snowden and J. Ramsay Macdonald (after- 
wards Prime Minister). The meeting had proceeded for about half 
an hour when a band of soldiers broke it up (38, Feb. 1917, also 36, 
Jan. 10, 1917, p. 7). 

In the same year, the state of public opinion was tested quanti- 
tatively by three parliamentary candidates who proposed “peace-by- 
negotiation” at by-elections. I am indebted for the data to the Rt. 
Hon. F. W. Pethick-Lawrence M.P. (now Lord Pethick-Lawrence), 
who was one of them. ; 

The London “Times” (36, Feb. 14, 1917 p. 8) reported that “Mr. 
Taylor was absent from the contest, being now in custody of the 
military authorities.” 
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DATE & s 
CONSTITUENCY CANDIDATES PROGRAMS VOTES ae 9 
Feb. 18, 1917 Sir. J. H. Maden Liberal 6019 0.769 
Lancashire, A. Taylor Peace by 1804 é 
Rossendale negotiation 
Mar. 20, 1917 J. B. Watson Liberal 7641 0.928 
Stockton on E. Backhouse bacon by 596 7 
Tees negotiation 
Apr. 3, 1917 Sir J. Fleming Liberal 3283 
Aberdeen. J. R. Watson Independent 1507 0.935 
South P. Lawrence Peace by 833 
negotiation 





It is significant that an opposite kind of anti-government candi- 
date fared about equally badly. At Tewkesbury on May 16, 1916 Mr. 
W. Boosey stood as an independent candidate with a program of more 
effective prosecution of the war and was supported by Admiral Rose, 
Admiral Lord Beresford, and Mr. Leo Maxse. Mr. Boosey scored 1438 
votes against 7127 to his Unionist opponent Mr. W. F. Hicks-Beach 
(36, May 16, 1916, p. 5). This remarkable defeat provoked the author 
to make a theory of gregariousness, which appears in Part IIB. A 
similar poll occurred in the next war on May 8, 1941 at King’s Nor- 
ton. 

On November 29, 1917, Lord Lansdowne, a former Foreign Secre- 
tary, published in the “Daily Telegraph” an appeal for a negotiated 
peace. His proposal aroused considerable interest but strong op- 
position. 

By the beginning of 1918 some decrease in the enthusiasm for 
the war had become evident. On Jan. 23, 1918 a conference of the 
Labour Party, which then was in a minority, adopted at Nottingham 
a resolution calling for an International Labour Peace Conference in 
Switzerland. The London “Times” next morning reported that “the 
peace question dominated the conference throughout the day.” Never- 
theless, for the population as a whole, ¢ must surely at that date have 
been much above 0.5. 

The armistice of November 11, 1918 was hailed with general re- 
joicing in Britain and France, because it implied victory and repose. 
There must surely have been a rapid fall in British ¢ at that time. 
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Yet ¢ certainly did not fall at once to zero; for there were some people 
who thought that the war ought to continue. In the “Hang the Kaiser” 
election campaign of December 1918 hatred was much in evidence; 
and in fact the war did continue, in the modified form of a blockade, 
which did much harm to German children, until June 1919. By the 
year 1922 a general tendency to forgive and forget was evident in 
London. But as late as 1938 I knew one lady who said she would 
never again speak to a German. 

On piecing together these facts it is possible to draw a rough 
diagram of the course of ¢ in time (Fig. 1). 


In Germany 


The value of £ prior to the war might be expected to appear as 
a feature in the controversy on War Guilt. In the three articles under 
that title in the Encyclopedia Britannica (7), written severally by a 
Frenchman, a German, and a Briton, the only reference to ¢ is Herr 
H. Lutz’s statment on p. 354 that “the great mass of the peoples had 
no desire for war.” . 

Mendelssohn Bartholdy (21, p. 24) remarks that a part of the 
governing classes in the years before 1914 had kept its faith in the 
Divine Government of the World and prayed for a war as a test for 
their bodies, as a probation for their moral courage, as a cauterizing 
of the sores in their body politic, as a promise of healthy frugal pov- 
erty after the period of enervating prosperity which their country had 
enjoyed for too many years. 

This sentiment was known also in Britain: Field Marshall Lord 
Roberts had prescribed war as a national tonic. But in Germany an 
openly aggressive book had been published in 1912 by Bernhardi (1). 
The author has interpreted the preceding facts by drawing the pre- 
war curve of ¢ for Germany slightly above the curve for Britain. 

Mendelssohn Bartholdy remarks (21, p. 26) that, during the 
first months of the war, the Germans experienced a unity of state 
and nation such as is rarely felt in time of peace. They realized that 
life consisted in sharing a common fate, unreservedly; and that for 
those who tried to preserve a hoard of their own, whether of ma- 
terial wealth or of skill and knowledge, the death of Ananias and 
Sapphira would be the appropriate punishment. 

By the end of the first year and during the second year there 
began to be grievances about the inequality of sufferings and rewards 
and about the censorship which separated soldiers from their rela- 
tives at home (21, pp. 26-29). 

It had become evident by the autumn of 1916 that the Supreme 
Command demanded more supplies of men and materials than the 
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country could produce and still maintain its past standard of eco- 
nomic life and prevailing conditions of labor (21, p. 77). In 1916 
the Prussian Ministry of War had come to believe that disaffection 
was spreading (21, p. 80). In November 1916 they made an agree- 
ment with the trade-union leaders (21, p. 81) for a form of indus- 
trial conscription known as the Hindenburg Program. This was 
passed by the Reichstag on Dec. 2, 1916 by 235 votes against 19 (21, 
p. 82). 

On July 19, 1917 the Reichstag expressed by 214 votes to 116 
its willingness for a peace involving no conquests and the freedom 
of the seas (5, of May 4, 1918, p. 224). In interpreting such votes 
one must remember that the Reichstag had some influence on, but 
no effective control over, the Chancellor or the Army. 

On August 8, 1918 a German Crown Council at Spa concluded 
that “We can no longer hope to break the war-will of our enemies 
by military operations” and that “the object of our strategy must 
be to paralyze the enemy’s war-will gradually by a strategic defen- 
sive” (7, 23, p. 773). 

On Sept. 29, 1918, the German supreme command appealed to 
their government for an armistice; and on Oct. 3 an appeal was sent 
to President Wilson. On Oct. 29 the German High Sea Fleet mu- 
tinied. 

Yet the armistice of Nov. 11, 1918, certainly was not in accord- 
ance with the wishes of all Germans. Hitler in particular was furious- 
ly indignant (12, Vol. I, Chap. VII). 


Prospective peace-terms were almost irrelevant until the 
nations were tired of war 

It may be objected that ¢ is a function of the possible terms of 
peace and so is left meaningless unless those terms are specified. Such 
an objection attributes too much rationality to the belligerents. For 
in Britain and France during 1915 to 1917 it was generally felt to 
be almost indecent to speak of peace-negotiations. Any peace feelers 
put out by the enemy were denounced in those newspapers that had 
the large circulations as lies, as dangerous traps, or as signs of the 
enemy’s weakness that promised an early victory. To obtain a satis- 
fying full account of what was going on in the way of tentative ne- 
gotiations or peace-aims, it was necessary to supplement the great 
newspapers by looking in special publications that had only small 
circulations, notably in the “Cambridge Magazine” and in “Common- 
sense.” 

For example on Dec. 12, 1916 Bethmann-Hollweg, then German 
Chancellor, proposed that the belligerents should meet in order to 
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try to come to terms. There had been among the Socialists in Ger- 
many a favorable reception of President Wilson’s idea of a League 
of Nations. Looking back, we may ask whether it would not have 
been better for all concerned if the war had ended then. Actually there 
followed first Lloyd George’s policy of the knock-out blow, and sec- 
ondly the German response in the form of unrestricted submarine 
warfare (18, Ch. 39). 

It appears from the facts that fighting inhibits negotiation. To 
attempt both at the same time feels as unnatural as to swing the arms 
in phase with the legs in marching, instead of in the usual antiphase. 
A nation at war can hardly think about negotiation. The question 
whether negotiation might be in its ultimate interest is not allowed 
to arise. The nation continues to fight because all its energy is go- 
ing that way and the valves towards negotiation are automatically 
shut by some general property of the central nervous system. Vice 
versa, the process of negotiation inhibits fighting. Diplomats in con- 
ference do not draw revolvers when they disagree. 

But by the year 1918, when much weariness had developed, Presi- 
dent Wilson’s peace proposals were taken seriously. 


DUAL MOODS AND THEIR TRANSFORMATIONS* 


We have now to classify the population; and much depends on 
the choice of suitable categories. The findings of the psychoanalysts 
lead us to expect that the dispositions to be friendly, to fight, and to 
submit coexist simultaneously inside the ordinary “individual” (a 
word the meaning of which has altered in the same way as that of 
“atom” in physics); and that what happens when an individual 
changes from one category to another is like a change of government 
in the nation, insofar as a different party to the individual’s internal 
controversy takes over control of his voluntary muscles. It is con- 
venient to represent the mood of an individual by two words in a 
bracket, thus 


pion or thus {friendly, hostile} 
in which the upper or left-hand word names the overt mood and the 
lower cr right-hand word names the hidden mood. A special type 
of bracket is used to distinguish a dual mood from a parenthesis. Of 
course this notation does not fully represent the complicated possi- 
bilities of human nature. For it is well known that there are vari- 


* A very brief account of this was read to the British Psychological Society 
at Nottingham on April 20, 1941. 
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ous degrees of concealment. A man may keep his hostility out of his 
polite conversation and know of its existence; or his hostility may 
be disguised even in his dreams. However, the notation of dual 
moods certainly permits a description less ambiguous than that giv- 
en by the standard phrase in the British King’s speech at the open- 
ing of Parliament in peacetime: “My relations with foreign powers" 
continue to be friendly.” 

It will be best to explore the possibility of a theory of dual moods 
before attempting anything more thorough. For applied mathematics, 
insofar as it is an art, is the art of leaving out everything that is 
not essential to a restricted purpose. 

An arms-race involves conscious calculations about numbers of 
men, ships, and aeroplanes; but the change of mood that occurs during 
an arms-race can hardly be overt. For in 1913 it was said that no- 
body in Britain wanted war with Germany (18, pp. 32-33). Yet the 
fact that such a statement was felt to be necessary shows that some 
change of mood was occurring. A number of examples of speeches 
by statesmen could be quoted to show that during the years 1935-38 
they made many protestations of their peaceable intentions. The pres- 
ent hypothesis is that the change of mood during an arms-race is: 

triendty| => owe. | 


Although the European arms-race of 1909-14 passed over con- 
tinuously into the outbreak of war, as far as the process was indi- 
cated by the spending of money on armaments, yet there is reason to 
believe that the psychological mechanism of the arms-race was dis- 
tinct from that of the outbreak. Their time relations were of a dif- 
ferent order of magnitude. It has been shown (30, 32) that the arms- 
race of 1909-14 was characterized by an instability coefficient 4 of 
the order of 0.5 year", or by its reciprocal two years. Although 
this constant was derived from defence budgets, it does not involve 
any monetary unit and so may be compared with times derived from 
changes of opinion. There is evidence (18, p. 33) that the majority 
of Britishers changed their opinions about war with Germany dur- 
ing a week in 1914 between July 24 and August 4. There is thus a 
_ contrast, between two years and a week, which suggests that the psy- 
chological mechanisms were distinct. 

We may begin to explain the outbreak of war by supposing that 
it is the change 


neg a onsen 
friendly } * 


hostile 
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This explanation accounts for the suddenness of the outbreak by stat- 
ing that the hostile mood is already excited and has only to take com- 
mand of the voluntary muscles. The “susceptibles” in Kermack and 
McKendrick’s theory of epidemics (16) corresponds, in the present 
theory of war-fever, to those who are in the mood {friendly, hostile}. 

The persistence of friendly feelings after the war has begun, as 
shown in the second bracket, is in accordance with the fact that 
naval men habitually take trouble and face danger to rescue de- 
feated enemies from drowning. Armies also usually treat their pris- 
oners in accordance with an international convention. Further evi- 
dence of the existence of a suppressed affection for the enemy is af- 
forded by certain war neuroses. Spillane (35, pp. 5, 6) mentions 
“guilt over killing” as one of four or five main sources of mental 
stress in the front-line soldier. Wright (42, p. 156) remarks: “It 
must not be thought that battle dreams are always of being killed, 
of being buried; they are not always associated with terror of being 
killed, and some of the most vivid and most obstinate in their repe- 
tition are the dreams of killing, the dream of the enemy who has 
been bayoneted, the picture of the man who has been shot at close 
quarters.” Calvert (4, p. 101) names three or four public execution- 
ers who committed suicide in remorse for their official duties. 

Let us pass on to consider the middles and ends of wars. The 
author was led to the theory of dual moods by his failure, in the 
course of more than a hundred pages of mathematical manuscript, to 
explain the long steady persistent phase of a war, followed by its 
comparatively sudden end, as a transition of individuals from a sim- 
ple mood of fighting to a mood of defeat. The difficulty was that vari- 
ous trial hypotheses, built after the model of Kermack and McKen- 
drick’s theory of epidemics (see 15), either did not make the mid- 
dle phase sufficiently persistent, or else did not make the final 
collapse sufficiently sudden. In other words the deduced curve of 
war-fever as a function of time was too like a Gaussian normal curve 
of error: it lacked the observed nearly horizontal top shown in Fig. 1. 
The author then recalled, from personal memories, that the change 
of mood which occurred in Britain and France during 1917 and 1918 
consisted only slightly in an increase in the number of people who 
openly admitted a willingness to compromise with the enemy; but 
that meanwhile there was in existence a yearning for the end of the 
war, which increased in intensity, but was suppressed in almost all 
individuals by their patriotic sentiment. It will be shown that the 
steady persistence in the middle phase and the sudden collapse at 
the end are both easily explained if we regard the mood of fighting 
as dual, so that during the middle phase of persistence and attrition 
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the following change is occurring: 


fhostile | al jhostile | 
\friendly { |war-weary | ° 


It is the accumulation of war-weariness in the subconscious that, on 
this theory, makes defeat sudden; for the end of a war corresponds 
to the change 


jhostile | jwar-weary 
; = . 
|war-weary [ [hostile 


The whole course from a friendly peace through war to a resentful 
peace may now be summarized thus: 


Arms-race Outbreak Attrition Armistice 

friend] friend] hostile hostile war-wear 

sriendly res {nostile ec {friendly ri Sastetanil ji {hostile " 
It will be observed that in the two rapid changes, namely, those at 
the beginning and end of fighting, the personality “turns upside 
down,” the subconscious mood becoming overt. On the other hand, 
in the two slow changes, namely, those during the arms-race and dur- 
ing the middle phase of a war, the process is confined to the subcon- 
scious. There are precedents for making these contrasts. Thus Wil- 
liam James (13, pp. 237-243) explained the sudden type of religious 
conversion by an invasion from a subliminal mental region; and the 
slowness of unconscious changes was mentioned by Plato (26, Secs. 
64, 65), a fact pointed out to me by Prof. J. C. Flugel. 


The transformation {friendly, hostile} — {hostile, friendly} is hardly 
directly reversible 


Populations have returned from the second to the first-named 
dual mood, but only by a roundabout process, via war-weariness and 
a long peace. 

The evidence for this assertion is that influential public men 
have tried to stop wars before intense war-weariness had developed, 
and they have signally failed. Examples follow: 


(1) Concerning the opposition of Bright and Cobden to the 
Crimean War in 1854, Justin McCarthy (20, 2, 290) says:—‘“‘The 
eloquence that had coerced the intellect and reasoning power of Peel 
into a complete surrender to the doctrines of Free Trade, the elo- 
quence that had aroused the populations of all the cities of England 
and had conquered the House of Commons, was destined now to call 
aloud to solitude.” 
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(2) During the Boer War, there was in Britain a considerable 
“Stop-the-War” movement, but nothing came of it, at that time. Mr. 
David Lloyd George, afterwards Prime Minister, was an active op- 
ponent of the war. He had to escape from a wrathful public meeting 
in Birmingham in 1900 by disguising himself as a policeman. 


(3) During the First World War, Mr. Ramsay Macdonald, the 
Labor Leader, and afterwards Prime Minister, wished to go to Stock- 
holm to discuss peace terms with other socialists in the summer of 
1917; but the seamen refused to take him (18, p. 1125). 


(4) The Pope’s proposals for peace in August 1917 “. . . were 
disposed of at once in a few paragraphs by the jusqu’auboutistes of 
all the belligerent countries as being pro-German or Pro-English, as 
the case might be, and Mr. Wilson’s reply gave them their coup de 
grace (3, Sept. 22, 1917). 


(5) Lenin and Stalin, who subsequently reorganized Russia, 
tried during the first three years of the First World War to turn 
aside the Russian proletariat from fighting Germans, and to direct 
them instead towards dispossessing the Russian bourgeoisie. They 
did not succeed until much war-weariness had developed in Russia 
(34, p. 167). 


(6) A month after the beginning of the Second World War, 
the Germans having conquered Poland, Mr. David Lloyd George, who 
had led Britain to victory in 1916-19, spoke in the House of Com- * 
mons on October 3, 1939 to the effect that if the then expected peace 
proposals from Hitler were to be received by way of a neutral Power, 
and if the then neutral Great Powers Italy, Russia, and U.S.A. would 
cooperate in framing a settlement, the matter should not be hastily 
rejected. This speech of Mr. Lloyd George’s aroused little sympathy 
and much indignation in Britain (9 of October 4, 1939). 


By what process does friendliness return? 


It is common knowledge that the resentment left by a war slowly 
passes away. By counting wars it has been shown that the number 
of revenges is roughly halved by each decade of delay. There must 
be a vast amount of scattered information as to the stages in the emo- 
tional process; but I do not know of any concise summary. Tenta- 
tively I suggest that the ordinary process during a long peace is 

{war-weary | (5 years) | friendly | (30 years) (friendly | 
|hostile | - |hostile | = friendly |” 


The latter process in the subconscious is so slow that important po- 
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litical changes have to wait for the uprising of a generation that did 
not experience the war. Much depends on how history is taught to 
children. 

It is also obvious that the changes of mood occur at very differ- 
ent speeds in different individuals. Of five Boer generals who fought 
against the British in the war of 1899 to 1902, Botha and Smuts be- 
gan, as soon as peace was declared, to organize conciliation between 
the Boers and British (7, 20, 846) and continued steadfastly in that 
purpose; whereas de Wet and Beyers took the opportunity of 1914 
to revolt (7, 7, 296 and 7, 3, 490) ; and Herzog made bitter speeches 
until 1918 and continued to be distrustful of the British until the end 
of his life in 1942 (7, 11, 527 and 36 of Nov. 23, 1942). 


Analogies with disease 


The common phrase “‘war-fever’ suggests: 

(i) infection, of course mental, by sights and sounds; 

(ii) arise of excitement, analogous to rise of temperature in 
fever; 

(iii) that some people may be immune to these warlike ex- 

_citements; 

(iv) that others may acquire immunity, alias war-weariness, 
as the result of a long bout of fighting; 

(v) that war-weariness may fade away after the end of the 
war. 


But are these suggestions misleading, or are they a concise summary 
of reliable observation? I have certainly found facts to illustrate all 
five of them; but this may not be the place to state them in detail. 
Briefly it may be said that the rush of volunteers to enlist when war 
is expected, does resemble an infective process. Recently I found a 
quite independent piece of evidence. Numerous attempts to explain 
the peculiar statistical distribution of the number of nations on the 
two sides of a war all failed, until the infectiousness of fighting was 
admitted among the hypotheses (See publication 31). 


PART IB 
MATHEMATICAL HYPOTHESES 
Hints from a theory of epidemics of disease 


Kermack and McKendrick have published (15, 16) a thorough 
mathematical theory of epidemics such as those of bubonic plague. 
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Let us look at this theory with a view to adapting it to politics. 
They give (15, p. 713) the following simple approxiniations. The 
total number N of persons in the population is made up of: 


x , the number who have not had the disease, 
y , the number who are diseased, 


z, the number who have either died or recovered, 
so that N=x+y+2z. 


For simplicity N is regarded as a constant, during the brief course 
of a severe epidemic, by neglect of births, migrations, and deaths due 
to other causes. It is assumed that those who have recovered are per- 
fectly immune to the disease and that there is no other kind of im- 
munity. 

Their most interesting hypothesis is that the chance of infection 
is proportional to the product of the densities of two intermingling 
populations, one of diseased, the other of susceptible persons, so that 


dx/dt=— Axy, 
where ¢ is the time and A is a positive constant. 


The number removed in unit time by death or recovery is taken 
to be proportional to the number who are diseased, so that 


dz/dt= By, 
where B is a positive constant. 


Starting from these simple ideas, Kermack and McKendrick 
eliminated x and y, and then integrated the equation for z under the 
restriction that Az/B << 1. In this way, they were able to obtain 
an interesting agreement with the statistics of an epidemic of plague 
which occurred in Bombay in 1905-06. A remarkable consequence 
of their assumptions is that there is a threshold density of population, 
N, = B/A, below which no epidemic can occur, because a diseased 
person will die or recover before he has, on the average, infected an- 
other person. 

The further refinement of these ideas by Kermack and McKen- 
drick (16) consists partly in allowing A and B to vary during the 
course of an illness and partly in the removal of other restrictions. 
They are thus led to integral equations of Fredholm’s type. But, as 
thoroughness makes for incomprehensibility, we shall do well to leave 
these generalizations aside for the present. 


First notion of a mathematical theory of war-fever 
Now let us try, quite tentatively and skeptically, to alter the 
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theory of Kermack and McKendrick so as to make it applicable to 
war-fever. Let there be two opposing nations and let the population 
of each be divided into the same two fractions x and y in different 


moods, so that 
zt+y=1. (1) 


Let the changes of y follow the law of infection in its simplest form, 
namely, 

dy/dt=C xy, (2) 
where x belongs to one nation, y to the other, and C is a constant. The 
solution of this pair of equations is 





ct + constant = log. ( : ) ; (3) 
Loy 


and is graphed in Fig. 2, where time increases horizontally to the 
right. The curve begins on the left with a very small minority, the 
increase of which is barely perceptible. The curve then passes con- 
tinuously through a phase of rapid change of mood among the great 
bulk of the population. The curve continues on the right into a phase 
of persistence in almost perfect unanimity. These are the features 
which are required for representing the outbreak of a war. The same 
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log, (4) 
War Fever. 


Fic. 2. —Simple approximation to the outbreak of a symmetrical war. The 
abscissa is proportional to the time. The ordinate is the fraction, of either popu- 
lation, overtly in favor of war. 


curve, perhaps altered in scale, would represent the end of a war if 
the ordinate were the fraction of the population that wished to make 
peace. Many later developments may also be regarded as variations 
on this simple mathematical theme. But, as the intention is to make 
a theory capable of representing all the phases of a war, many ques- 
tions will have to be settled before we can return to describe more 
thoroughly the outbreak and the end. See Cases II, IV, V, VI, VII. 
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How should time appear in the hypotheses? 

Time, although appearing in the foregoing theme explicitly in 
the integral (3), appears only in the form d/dt in the hypotheses 
(1) and (2). The following theory is built on the same plan. It may 
be called humanistic because the only interactions which are explic- 
itly represented are those between human beings, or bipersonal because 
two types of person interact. We know of course that summer cam- 
paigns and winter quarters depend on interactions with the sun; 
bombings and invasions on those with the moon; and that the weather 
has a potent effect.. But all those variations are here regarded as de- 
tail to be smoothed out. 

But there are other types of interaction, real or fancied, which 
cannot be regarded as detail. There are people who say that wars 
come to an end in God’s good time; and there are a few that call a 
war a work of the Devil; Napoleon talked about his Destiny; some 
British newspapers now publish predictions connected with the plan- 
ets. No such effect appears explicitly in the following theory; but 
faith or superstition might be taken into account as modifying the 
constants. 

Even in a humanistic theory, the time required for the forget- 
ting of past benefits or injuries might suitably appear in the hypoth- 
eses. The mathematics of memories which are neither very short nor 
very long would involve functionals, as shown by Volterra (40), and 
these would seriously complicate the treatment; whereas it is advan- 
tageous to subdue the mathematics in order to have attention to spare 
for the social psychology. It is proverbial that the memory of the 
public is short. And even when memories do persist, there is a ten- 
dency to set them aside, if they belong to bygone circumstances. For 
example, in November 1942 the Americans and the British were col- 
laborating with Admiral Darlan, whom a month earlier they had rea- 
son to distrust, before they invaded North Africa. It is this custom- 
ary opportunism, this concentration on the affairs of the day, that 
is represented in the following hypotheses, where time appears only 
in the operator d/dt . To describe a phenomenon is not to praise it. 


Notation 

Let us simplify the problem as much as possible by supposing 
that the struggle is between only two nations, or two alliances, whose 
symbols are distinguished by suffixes 1 and 2. Let N, and N, be their 
populations at the beginning of the war. We need not attend to births, 
to migrations, nor to deaths, except those caused by war. 

It is now necessary to define symbols for the numbers of people 
in each of the dual moods. Let us regard the total population N, of 











164 PSYCHOMETRIKA 


the first nation as a constant consisting at any instant of 


8,* persons in the mood {friendly, friendly} 
&,* persons in the mood {friendly, aggressive} 
mi* persons in the mood {aggressive, friendly} (4) 
6,° persons who have died because of the war 

pi’ persons in the mood {aggressive, war-weary} 
w,° persons in the mood {war-weary, aggressive} . | 


+ 





Then 
Bi + &,° + m.* + 6° + p.® + o,°=N,. (5) 


The purpose of the asterisks will be explained presently. 

If a referendum were held on the question whether a war should 
be engaged in or continued, we may provisionally suppose that 7° + p,* 
people would vote in favor of the war and that §,* + &,° + @,* would 
vote together, although for different motives, against the war. 

There has been a prolonged controversy as to whether mental 
events are quantitative. A committee of the British Association (2) 
reported on the question in 1938 and again in 1939. It was generally 
agreed that mental events may be more intense or less intense. But 
one party, including the author, was impressed by many experiments 
in which the ratios of intensities of sensations were mentally esti- 
mated. The other party was not impressed. On the present hypoth- 
eses, the state of mind of an individual belongs to one or other of five 
qualitative classes. To the author this “all or nothing” classification 
appears as an imperfection, to be tolerated for the sake of sim- 
plicity. But the present treatment may be approved by the opposite 
party to the controversy at least insofar as any reference to quan- 
titative mental events is here avoided. 

Pure numbers 

When we have to frame hypotheses it is easiest, and therefore saf- 
est, to think of the behavior of a typical individual and of how many 
others there are like him. But when, in a trial working, the hypotheses 
were thus formulated with numbers of persons as variables, it was 
found that the deductions were encumbered in many places by the num- 
bers N, , N.. So the author received a strong impression that the the- 
ory ought to be re-written in terms of fractions of the population. The 
asterisk notation allows us easily to do it in either way. For let 
B,° = 6, N,, &.° = &, N, and so for all the other variables such as 


2" = we Nz. (6) 


Removal of an asterisk from a variable is equivalent to division by 
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the corresponding total population. Accordingly, (5) may now be ex- 
pressed more neatly as 


At+&+¢m+Aat+pta,=1. (7) 


This transformation from numbers of people to pure numbers is an 
extension to sociology of the Theory of Dimensions in physics. It is 
well known that valuable clues as to the behavior of material objects 
have been obtained from the principle that it must be possible to ex- 
press the observed facts as relations between pure numbers made up 
by combining separate measurements in such a way that the units 
of measurement cancel. For our purposes a person is one of the units 
of measurement. Hence we may expect theoretical advantages to ac- 
crue from the cancellation of the unit of measurement in 7,°/N, or 
the like. 


Threats and self-restraint during an arms-race 


We next have to consider the conversion of persons from thor- 
ough friendliness to subconscious hostility, so that € grows at the ex- 
pense of 6. One cause of this conversion may have been discontent 
with the treaty-situation. But when the existence of an arms-race 
has become obvious, these original discontents have faded into the 
background of attention and the foreground is occupied by the threat 
from the other nation, as expressed in its army, navy, and airforce, 
together with any indications of aggressive thoughts. So far this 
statement is in accordance with the linear theory of arms-races, pub- 
lished elsewhere by Richardson (30, 32). As armaments do not ap- 
pear explicity in the present purely psychological theory, we must 
represent them by the number &* of persons in the mood, of which 
armaments in peacetime are the outward and visible sign. An im- 
portant effect in an arms-race is accordingly of the type 


dé,*/dt = KB,"&,*° = — dB,*/dt, (8) 


where K is a positive coefficient to be adjusted later to fit with obser- 
vation; and K is assumed, in the meantime, to be a constant. There 
will be another pair of equations obtainable by interchanging the suf- 
fixes and by readjusting K. The product K£,*é." may be interpreted 
thus: there are {,° persons liable to change under an influence of 
strength é,*, and so K#,°&," is the probability of one of these persons 
changing in unit time. Any misinformation about the number of sub- 
consciously hostile persons &* in the other nation may be regarded 
as modifying K. 

Similar but greater effects are produced by outspoken hostility. 
For example, the German General Bernhardi (1) published in 1912 
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a book “Deutschland und der nichste Krieg”. in which he asserted 
that “Even English attempts at a rapprochement must not blind us 
to the real situation. We may at most use them to delay the necessary 
inevitable war, until we may fairly imagine that we have some pros- 
pect of success.” His utterances were mentioned in the British news- 
papers and caused a considerable stir (7, article “Bernhardi,” also 
8). To represent this effect of open hostility in the expression for 
dp,*/dt , we must replace &* by &.* + Wy22*, where Wie is a weight 
far exceeding unity. The estimation of wy. is difficult, because its co- 
factor (,7. is almost zero, except in one brief phase of a war. 

It is arguable whether or not p.* should be included along with 
#72” in the expression above. On the one hand, it may be said that the 
persons counted in p,* differ from those counted in 7.* only by a con- 
cea’ed distinction, so that to another nation they would all seem alike. 
But on the other hand it may be replied that such concealments are 
usually imperfect. If Bernhardi had been secretly bored with mili- 
tarism, would he have troubled to write his aggressive book? Which- 
ever way the decision goes, it makes scarcely any practical difference 
to the theory ; for the question is whether to include or omit the prod- 
uct £,*p.*, the first factor of which is negligible in war and the sec- 
ond factor in the peace just before a war. 

The expression so far proposed, namely, 


dp,*/dt = — KB," (&." + Wr2n2"), (9) 


implies that £,*, if not already zero, would always diminish if &," or 
n2* were greater than zero. Actually nations are not so ready to take 
offence. They do in fact ignore small threats, for they are loath to 
enter upon mutual recriminations, knowing that war is expensive, 
disagreeable, dangerous, and, as some people think, immoral. For 
example, prior to 1930 the British ignored the Nazis. Therefore, to 
make the formula agree with historical facts, we must insert in it 
some expression of restraint. One proposal would be to let A’ be the 
number of persons in the second nation who would be ignored by the 
first nation even if they did utter threats against it. We should then 


have 
dp,*/dt = K’B,* (A — &,° — W,2N2"). (10) 


But this improvement lets us in for another difficulty. For suppose 
that &,* and 7.* chanced both to be zero. Then £,* would increase; and 
there is nothing in the formula to prevent $,* from increasing beyond 
N,, which would be absurd. So we require to insert in the formula 
some sort of “buffer” to make df,*/dt vanish when f,* = N,. This 
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may be arranged by replacement of A’ by A’(N, — §,*). But by equa- 
tion (5) 

N, — Bp, =," ate mi” ah a She pi + @,° ’ 
and in the early phase of threats prior to a war, 6,*, p.*, @,* are all 
zero, so that N, — £," = &,* + »,*. So, after rearranging the constants, 
we arrive at the hypothesis 


dp,*/dt = B,*{A,' (&° + m1") ar si W42N2") } . (11) 


When this is expressed in terms of fractions of the populations, it 
becomes 


d(B,N,) /dt = B,N,{A1'N, (6, + ™) — Kyz2'N2(& + Wi2N2)} , (12) 


and, on putting A,’N, = A, , K,.'N2 = K,., we obtain finally on divi- 
sion by N, 


dp,/dt = pi{A, (é, + m) — Ky2(&2 > W122) } ’ (13) 


in which A, and K,, are positive and of the dimensions of reciprocals 
of a time. There must be equal and opposite terms in dé,/dt or else- 
where to keep N, constant. 

We have been led to the term A,(é, + 7,) in equation (13) by 
considerations about patience and buffering. The meaning of 


A,(é, + mi) 


may be illustrated, in two different ways, by the words of individuals: 
(i) When it is pointed out to a citizen that there are people in an- 
other nation who would like to make war on his nation, he may reply 
“Oh yes, I know there are a few; but we have fire-eaters in our own 
country, and we realize that they are of no importance.” That is to 
say, he compares 7,*, not with an absolute constant, but with 7,*. If 
such a comparison were perfectly impartial, and were the only mo- 
tive operating, then would A, equal K,.w,.. But it is well known 
that such comparisons are far from impartial, because a foreign 
jingo looms larger than a home-grown jingo; and consequently the 
“weight” K,.W,. attached to the foreigner is greater than the “weight” 
A, attached to the compatriot. Thus K,.w,./A, is a magnification of 
the sort referred to in the parable of the mote and the beam (19, Ch. 
7, v. 3). The value of K,.w,./A, is difficult to estimate. From read- 
ing the newspapers, the author ventured the preliminary guess that 


K.2W12/A; > 3. (14) 


An estimate of K,./A, will be made later: see equation (80). 
(ii) In Britain in 1909, when the Conservatives asked for more bat- 
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tleships, saying “We want eight and we won’t wait,” the Liberals 
made reply about extravagance and jingoism. The relation between 
the government and the opposition in Britain was, in peacetime, often 
one of contrasuggestibility. What either proposed the other opposed. 
The term £,A,(é, + y:) in equation (13) expresses a kind of contra- 
suggestibility. For according to that term, the existence of 7,° jingos 
would cause f,*, the number of internationalists, to increase. 


Scarce types of human character 


In this theory of European populations we have unfortunately 
to neglect some scarce minorities. Thus equation (13) does not de- 
scribe the behavior of the Christian Pacifists; for they persist in a 
mood of overt friendliness when subjected to threats. But in the 
“Peace Ballot” (14) in Britain in 1936, they amounted to only 1 in 
700 of those who returned voting papers. 


The outbreak of a war 


The chief effect in this phase is the rapid conversion of many 
persons from the mood {friendly, hostile} to the mood {hostile, 
friendly}, because they believe in the existence of an important num- 
ber of overtly hostile foreigners. This effect is represented by 


dy,°/dt = Cy2'E,° (yo* + po’) =— dé,*/dt, (15) 


where C,,’ is a positive constant. 
On transformation to fractions of the population, this becomes 


d(niN;) /dt = Cr2'5:NiN2 (2 + po) =— 4 (E,N;) /dt . 


Now let C,.'N. = Cis, and we have 
dn, /dt = C21 (2 ss po) =—dé,/dt , (16) 


where C,, is positive and the reciprocal of a time. 

People, in this phase, commonly feel that the time for forbear- 
ance is past. Accordingly, in (16) there is no term to represent any 
restraint. This is a contrast with (13). 


Hypotheses concerning casualties 


The theory must take account of the war-dead in two different 
connections, first, as causing a small percentage change in the total 
population, and second, by their very important psychological effects 
on those who are left alive. 

As to the first question, the following list is a guide to the order 
of magnitude of the effects. It is abstracted from Richardson (32). 














LEWIS F. RICHARDSON 169 


The number set after the name of each country is 100 (6,°)7r/N:, 
which was obtained by finding its deaths in the armed forces during 
the First World War and expressing them as a percentage of the 
country’s total population: Serbia 8.,, Turks of Turkey 5.7, France 
3.2; , Rumania 3.2 , Austro-Hungary 3.0, , Germany 2.9 , Bulgaria 2.0 , 
Great Britain & Ireland 1.60, Montenegro 1.;, Italy 1.4,, Slavs of 
Russia 1.2, Belgium 0.51, Greece 0.2, U.S.A. 0.1,, Portugal 0.09, 
Japan 0.002. 

When we consider, in connection with those statistics, the equa- 

tion 

By + &, + 9, + p: +@,=1—-4, 
and observe that each of the numbers on the left varies across a range 
of at least 0.5, it becomes evident that we might almost neglect 6, 
and that we may be content to represent 6, by quite a rough approxi- 
mation. 

Other things being equal, we may expect that the rate of casual- 
ties will, like the rate of encounters of molecules in the kinetic the- 
ory of gases, be proportional to the product of the numbers of indi- 
viduals of the two categories engaged. Volterra (41) made an as- 
sumption of that type for the encounters between competing species. 
Kermack and McKendrick (15) made the same assumption for en- 
counters between diseased and susceptible persons. 

If the whole of each nation is regarded as engaged in the con- 
flict, we may formulate the rate of casualties as 


d6,*/dt = Ey.'N.N2 , (17) 


where E,,’ is adjustable to fit the empirical facts. 
If, on the contrary, only those who are overtly aggressive are 
regarded as engaged in the conflict, we ought instead to put 


d,*/dt = E,." m* + pi") (n2* + po"), (18) 


so that E,.” > Ey. 

If we had to treat the war of two centuries ago, in which only 
small professional armies were engaged, we should have to introduce 
separate variables equal to the numbers of fighting men. 

But for modern wars and psychological purposes the best simple 
approximation seems to be (18), because it automatically confines 
the casualties to the period when aggressive impulses are overt. The 
theory is intended to represent only the general course of a war with 
no attention to battles and pauses between them. 

The casualties are assumed to be distributed so that in dy,*/dt 
there is a term — E,."n,*(y2* + po”) and in dp,*/dt there is a term 
— E,.p;* (y2* + po*). This seems proper because the marks which dis- 
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tinguish the persons counted in 7,* from those in p,* are hidden in the 
subconscious. 

Guided by the Theory of Dimensions, let us divide (18) by N, 
and put £,."N. = E,2., so that 


d6,/dt = Ey2(n, + pi) (ne + p2), (19) 
where E£;, , like A, , K,. and C,, is the reciprocal of a time. 


MENTOR: “Now you have committed the childish fallacy that Freud 
called the Omnipotence of Thought. Before hostilities begin, 7,* and 
n2* are not zero. So you have assumed that jingoes kill each other by 
merely hating.” 


AUTHOR: “Yes, I know; but I make that error only in a place where 
it scarcely matters, because when 7; and 72 are both near zero, their 
product is negligible. You can, if you like, improve the hypothesis 
by supposing that F,. is to be zero if either of (7, + pi) or (m2 + po) 
is less than one half.” 


Order of magnitude of E,.. Physicists have to do with numbers 
scattered in an enormous range. When they wish to avoid unneces- 
sary accuracy, they state a number to the nearest whole power of 
ten and call that its order of magnitude. Two positive numbers are 
said to be of the same order of magnitude when their ratio lies be- 
tween 10! and 10°. This convention will be adopted here. A chief 
use of it is to enable us to decide quickly which aspects of a phenome- 
non are most important, and which negligible. 

The approximate unanimity of a nation in war is well-known; 
so that, for a rough estimate, we may put (7: + p:) (m2 + po) =1 and 
may regard d6,/dt as a constant during 7. From (19) we then obtain 


E,2= (6:)1r/T = (6,")7/TN, , (20) 


where (6,*); is the total number of war-dead. More attention to 
n + p will be given later, in Case III. 

For the nations engaged in the First World War, there is a list 
of 100(6,°);/N, above. To estimate E,. those numbers have to be 
divided by 100 and by the duration, 7, which was 4.3 years for 
Britain, France, Germany, Austro-Hungary, 3.5 years for Italy, 3.2 
years for Russia, and 1.2 years for Rumania. It then appears that: 


E,. was of the order of 10-2 year” (21) 


for most of the nations that suffered severely. 
For contrast with the First World War, the following table con- 
tains particulars of a very short war, and of two wars between very 
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unequal populations. Uncertain decimal digits are set below the line, 
in the manner customary in physics. 





























per | Nation with | | Ref. for , 
Dates | a) ne’ | N, | (6,*)r i | _~ os 
| years | _— | 10-2 year-1 
| | } oe 
1866 | 7/52 |[{Prussions | 28 | 10874 | 0.29 
| ie ES | | 
|| Austrians, | | . sia 
') Bavarians, | | ‘iain | 
Saxons & | 28765 | 
|| Hanoverians | | a 
| | | | | 
| | Boers 0.25 | 4X10? | 7,21, p.66/ 0.7 
1899 to 1902 | 24 || v. | | | 
| || British | 45. | 21.9X 103] 6, p. 57* 0.020 
| | | | 
'/ Finns | 36, | 19576 | 14,p.4089 | 1.88, 
1939 to 1940 (0.28, i v. | 
‘‘ Russians | 171. | 48745 9 of / 0.100, 
| | | | 1940 Mar. 30 





*Ineluding deaths from disease. 


The last two wars allow us to compare E,,/E,. with N,/N2; a 
comparison which will give us a hint as to the possible behavior of 
the other double-suffixed constants. For this purpose, let suffix 1 re- 
fer to the larger population. 


E,,/E,, N,/N, (N,/N,)%7 
British v. Boers ’ 35 180 37.9 
Russians v. Finns 18.7 46.5 14.7 


So for these very unsymmetrical wars: 


E.,/E1. was of the order of (N,/N2)°". (22) 


Hypothesis on the growth of suppressed war-weariness 


The change in the subconscious mind from friendliness to war- 
weariness is counted as a transfer of persons from 7* to p*. It is as- 
sumed that the change is caused by wounds to oneself, by casualties 
among one’s acquaintances, by the growing scarcity of food and cloth- 
ing and by all the other inconveniences and deprivations due to war. 
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It is further assumed that all these, taken together, act so that the 
number of persons who during dt become subconsciously wearied is 
proportional both to the number, 7,*, of those who are susceptible to 
this change and to the number, (7.* + p.*), of those who are trying 
to weary them. Accordingly, dy,*/dt will contain a term 


— Bys'ni* (y2* +: po’), 
and dp,*/dt will contain an equal but opposite term, where B,,’ is 
positive, and for simplicity is regarded as constant. 

These numbers of persons are next expressed as fractions of the 
population. On putting B,.'N. = B,., we obtain in dy,/dt and dp,/dt 
the terms, respectively, 

aa Byons (ne + po); (23) 


where B,, is the reciprocal of a time, and is positive. 


The infectiousness of defeatism 


There is much common knowledge that defeat is a matter of 
opinion and so can be communicated from person to person inside the 
same country. In 1917 and 1918, the French newspapers frequently 
expressed anxiety about the possible spread of defeatism. In the sum- 
mer of 1940, the British law-courts began to fine or imprison persons 
who had made statements likely to cause alarm or despondency. A 
proverb attributed to Marshall Foch states that “Une bataille perdue, 
c’est une bataille qu’on a cru perdre.” 

We should summarize these facts by inserting in the expression 
for dw,/dt a term proportional to pia, to represent an infection of 
defeatism passing from the w,* persons who are in the mood {war- 
weary, aggressive} to the p,* persons, belonging to the same nation, 
who are in the mood {aggressive, war-weary}. 

So far we have 

dw,/dt = D,p,o, , (24) 


where D, is a positive constant, the reciprocal of a time. 

But there is another kind of infection, coming instead from the 
enemy. For some of those who have become subconsciously war-weary 
may be willing to confess to that feeling if they perceive that the 
enemy is admitting it also. Accordingly, we should complete the ex- 
pression for dw,/dt to make it read 


dw,/dt = p1 (D,@, + F322), (25) 


where F’,. is the reciprocal of a time and is positive. 
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Final note to Part I 
The discussion so far has been mainly inductive, leading from 


historical facts to mathematical descriptions. In Part IIA, which will 
follow in a later issue of Psychometrike, the argument will be main- 
ly deductive, leading on from those descriptions to predictions, the 
credibility of which will be discussed. 
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THE MAcQUARRIE TEST FOR MECHANICAL ABILITY 
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Data originally analyzed by Charles H. Goodman on the Mac- 
Quarrie Test for Mechanical Ability are subjected to the principal 
axes factoring method. The maximum variance was extracted with 
three factors. Rotation to an oblique simple structure yielded a fac- 
tor pattern which satisfies the simple structure concept more ade- 
quately than the orthogonal factor matrix, thus leading to greater 
clarity of interpretation of the factors. 


The purpose of this study is to subject the Goodman data on the 
MacQuarrie Test for Mechanical Ability (1) to the principal axes 
factoring method and to rotate the configuration to an oblique struc- 
ture. 

Table 1 is a restatement of the correlation matrix which Good- 
man obtained by correlating the test scores of 329 radio assembly 
operators. The data were first refactored by the centroid method with 
the communalities that Goodman obtained, and it was found that the 
communalities had stabilized at those values. 











TABLE 1 

Correlation Matrix of Seven MacQuarrie Sub-Tests 
Test Tracing Tapping Dotting Copying Location Blocks Pursuit 
Tracing 
Tapping 48 
Dotting 55 AT 
Copying 44 31 34 
Location 24 .29 43 54 
Blocks Al .29 32 .52 .54 
Pursuit 43 29 36 48 44 46 








The factoring technique employed was that of a direct principal 
axes solution by the squaring process (3). Ordinarily an exceedingly 
laborious technique, the squaring process lent itself to the solution 
of this problem because of the small number of variables. Principal 
axes factoring as a method has a mathematical elegance but the disad- 
vantage of computational difficulty. Decision as to its use in preference 
to other methods can generally be resolved in terms of the purposes of 
the particular study (4); here its use was dictated by the desire to 
extract the maximum variance contained in the correlation matrix 
with three factors. The residuals which remained after three factors 
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had been extracted are shown in Table 2. An examination of the 
tabulation of the third factor residuals of this and Goodman’s study 
in Table 3 yields a readily apparent substantiation of the fact that a 
principal axes solution extracts more of the variance than a centroid 
solution with the same number of factors. 











TABLE 2 

Factor Residuals After Extraction of Third Factor 

1 2 3 4 5 6 7 
1 —.017 —.007 .022 .010 —.022 .012 .003 
2 —.007 .020 —.009 .007 —.002 .009 —.018 
3 .022 —.009 —.015 —.017 .023 —.018 .010 
4 .010 .007 —.017 .000 .017 —.016 —.002 
5 —.022 —.002 .023 .017 —.026 .015 —.0038 
6 .012 009 —.018 —.016 .015 .004 —.005 
7 .003 —.018 .010 —.002 —.003 —.005 .009 





Table 4 contains the orthogonal factor matrix F,, together with 
the obtained and estimated communalities. In Table 5 is shown the 
transformation matrix by which the original orthogonal reference 
frame was rotated to an oblique reference frame which yielded sim- 
ple structure. Table 6 contains both the oblique factor matrix V and 
the factor pattern. The latter is shown to illustrate how well the ro- 
tatior satisfies the simple structure concept: four of the tests can be 
described in terms of only one factor, while none of the tests requires 
the use of all three of the factors in interpretation. 


TABLE 3 
Frequeiicy Distribution of Third Factor Residuais 








Principal Axes Goodman Centroid 
Class Factoring Factoring 


000 - .005 10 
005 - .010 11 
010 - .015 
015 - .020 
020 - .025 
025 - .030 
030 - .035 
035 - .040 
040 - .045 
045 - .050 
050.- .055 
055 - .069 
.060 > .065 
065 - .070 
070 - .075 





_ 
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TABLE 4 

Orthogonal Factor Matrix F’, and the Communalities 
Est. 

I II III h2 h2 

1 -700 .295 —.174 .607 590 
2 .554 336 .001 420 .440 
3 .657 842 191 .585 .570 
4 .695 —.243 —.090 .550 .550 
5 .690 —.269 .241 .607 .580 
6 671 —.272 —.046 526 .530 
7 .633 —.127 —.119 431 .440 





In no sense is this structure overdetermined as is necessary for 
conclusive definition of the factors involved. With infallible data 
only would it be possible to identify three factors with seven tests. 
With fallible data confidence in the results depends upon an overde- 
termination of the structure by two or three times this number of 


tests (4). 











TABLE 5 
Transformation Matrix 
A B C 
I 447 1355 125 
II —.894 .985 —.001 
III .000 .000 .992 





The interpretation of Factor A as spatial in character is rather 
apparent from the fact that Blocks and Pursuit have had significant 
loadings in other batteries on the space factor. It has also been pos- 
tulated that Copying is essentially spatial. The delineation of the 
space factor in this study is sharper than in Goodman’s study where, 











TABLE 6 
Oblique Factor Matrix V and Factor Pattern 
Factor a 

V Pattern 
Test A B Cc AB: SO 
Tracing 05 52 —.09 — “4 — 
Tapping —.05 51 07 — “x — 
Dotting —.01 55 27 — «x x* 
Copying .53 .02 .00 ce — — 
Location .55 —.01 33 ce“ — # 
Blocks 54 —.02 04 1 — — 
Pursuit .40 11 —.04 ee — 





*2z is a probably significant factor loading, but of value .40 or below 
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with structure on an orthogonal reference frame, the space factor 
permeates the entire battery significantly except for the Tapping test. 

From an examination of the sub-tests, it seems that Factor B is 
motor in nature, or controlled manual movement as Goodman names 
it, inasmuch as Tracing, Tapping, and Dotting seem to be rather rou- 
tine manual manipulations. Pursuit, which is highly saturated with 
space, can also be understood to involve a motor function. 

Factor C, on the other hand, involves only two tests, making the 
test impossible of identification. It is suggested that this factor might 
be the factor which Harrell calls manual agility (2) or possibly a 
speed of perception factor. 

Table 7 contains the correlations between the primary factors. 
It will be noted that there is a very high correlation, .68, between 
the factors which have been named as space and motor in this paper. 
Correlation between the primary vectors, of course, is dependent to 
a degree upon the selection of subjects; in this case, it seems likely 
that the subjects represent a good deal of selectivity as to mechanical 
ability. The data as they stand, however, would suggest the possi- 
bility that motor and space abilities, although distinct, tend to go 
together. This cannot be stated with a high degree of confidence on 
the basis of these data. 














TABLE 7 
Correlations Between Primary Factors 
A B C 
A 1.000 .682 —.118 
B .682 1.000 —.112 
Cc —.118 —.112 1.000 





Summary and Conclusions 

It has been possible in this study to extract the maximum vari- 
ance from the original data with three factors. In addition, by ro- 
tating to an oblique structure, a factor pattern is obtained which sat- 
isfies the simple structure concept more adequately. This contributes 
to greater ease of interpretation of the factors and sharper delinea- 
tion of them within the limitations of the data. 

An interesting suggestion can be derived from the high correla- 
tion between the motor and space factors to the effect that the motor 
and space abilities may very well be related. 
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AN ALGEBRAIC SOLUTION FOR THE COMMUNALITIES 


BURT ROSNER 
THE UNIVERSITY OF CHICAGO 


Factorial analysis begins with an n X n correlation matrix R, 
whose principal diagonal entries are unknown. If the common test 
space of the battery is under investigation, the communality of 
each test is entered in the appropriate diagonal cell. This value is 
the portion of the test’s variance shared with others in the battery. 
The communalities must be so estimated that R will maintain the 
rank determined by its side entries, after the former have been in- 
serted. Previous methods of estimating the communalities have in- 
volved a certain arbitrariness, since they depended on selecting test 
subgroups or parts of the data in R. A theory is presented showing 
that this difficulty can be avoided in principle. In its present form, 
the theory is not offered as a practical computing procedure. The 
basis of the new method lies in the Cayley-Hamilton theorem: Any 
square matrix satisfies its own characteristic equation. 


Factorial analysis begins with an n X n correlation matrix FR, 
whose principal diagonal entries are unknown; these must be esti- 
mated before the actual factoring starts. If one wishes to investi- 
gate the total test space, unity is written in each diagonal cell. But 
when the common factor space alone is under consideration, the com- 
munality of each test must be entered in the appropriate cell (4, 282). 
This value is the portion of its variance a test shares with others in 
the battery. Alternatively, it is the square of the length of the test 
vector in the common test space; this is denoted h;?. The communal- 
ities must be estimated so that the matrix R will maintain the rank 
determined by its side-entries, after the former have been inserted. 

In his recent book, Thurstone (4, Ch. XIII) gives a number of 
methods of solving this problem. Many of them depend on test sub- 
groupings or fail to utilize all the data in the correlation matrix. Such 
procedures introduce a certain arbitrariness, since the subgroups, or 
parts of the data in R, can usually be chosen in several different 
ways. Under these circumstances, there are several solutions for the 
same communality, although they may lie in a relatively small inter- 
val. This paper will describe a rigorous mathematical development 
of the communality concept which avoids these difficulties. The theory 
presented here is not intended as a practical computing device, but 
rather as a demonstration that arbitrary methods are not necessary 
in principle. 
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Consider the » X matrix A of rank s. The characteristic equa- 
tion of A is 
f(x) =a" +a," +.---+ aa" +---+4a,= |Ia—A|=0. (1) 
Let m;; denote an i-th order principal minor of A. There are "C; of 
these. Any coefficient a4; may be computed by 
ec, 
a, = (—1)* S mj;. (2) 
j=1 
Since A is of rank s, all coefficients succeeding 4, must vanish. An 
important property of the characteristic equation is stated in the Cay- 
ley-Hamilton theorem: Any square matrix satisfies its characteristic 
equation (2, 3.) That is, f(A), when collected, yields the n X n zero 
matrix. 

Returning to the correlation matrix R, we shall assume it is 
exactly of rank 7. We shall also replace the symbol h;* by d;. We 
then have the following principle for obtaining the communalities: 
Determine the values d; so that R satisfies its characteristic equation. 
Writing d,;’s in the diagonal cells, we obtain the matrix R;. By com- 
puting its characteristic equation and substituting R, for x, we ob- 
tain a matrix whose 7? entries are polynomials in the unknown d,’s. 
By the theorem above, each of these polynomials equals zero. Fur- 
thermore, the coefficients of |Jz — R.| must vanish after a,, to 
maintain the rank of R determined by its side-entries. n of these 
equations, solved simultaneously, will yield the communalities, so long 
as the equations are independent. This may be assured by selecting 
equations from each column and row of f(Ri) = 0. The rank of R 
may be estimated, or successive trial values between 1 and 


2n+1—vV8n+1 
2 


may be used until permissible solutions are found (4, p. 291). The 
solutions then keep the rank of R at the values determined by its side 
entries. Such solutions must exist, since the Cayley-Hamilton theo- 
rem must be satisfied. 

The Cayley-Hamilton theorem, however, does not guarantee a 
unique set of solutions. Multiple solutions may arise when the rank 
of the matrix R is greater than half its order. Albert (1) has shown 
that unique solutions exist when the rank of R is less than half its 
order. This is a general theorem and would apply to the present 
method. When r is greater than n/2, multiple solutions may arise 
by any method, although one cannot state in general when this will 


happen. 
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TABLE 1 TABLE 2 
Correlation Matrix R Factor Matrix F 

1. SS 8 3 : 2 om 

2. 45 33 54 ~©.89 

3. 47 38 as : : _ “ 

is ss » 82 ae a Ae 

5.6 oT1si‘i«asté«‘<C‘C SSC«D a tae ar 
. 2s 2 = 





As an example, we give the correlation matrix R of Table 1. Its 
orthogonal factor matrix appears in Table 2, together with the test 
communalities. Carrying out the process described above, we obtain 
R, and its characteristic equation 

f(x) =2°— (Sd;)a* + (> djd, — 3.2927) 22? =0. (3) 
j j<k 
The coefficients vanish after a,, since R is of rank 2. Substituting 
Rk, for x, we obtain a matrix whose principal diagonal contains poly- 
nomials of the form 

dié( S didi — Cis) —;?( > Cjod; — Cie) 

i<k iti 

j kzi 

+ DY Cds, + did, + S cd; + co =0, 
j<k<1 j<k ¥ 

where the c’s are coefficients arising from the substitution of Rz. The 
polynomials were taken from the principal diagonal to insure their 
independence. The values of h;? (=d,;) in Table 2 are exact solutions 
to these equations. 

As stated above, this method is not at all suited for practical pur- 
poses. The computational labor is prohibitive. And the assumption 
that R is of rank r is seldom, if ever, fulfilled in practice. Consequent- 
ly, the equations from f(Rz) = 0 will generally be inconsistent. A 
method developed along the following lines might obviate this, how- 
ever, and prove useful for matrices of small orders. 

The nv equations selected from f(R.) = 0 determine n surfaces 
in n-space. In the region defined by the values between 0 and +1 
along all the co-ordinate axes, these surfaces will intersect when FR is 
exactly of rank r. But when R is of rank n—the usual case— the sur- 
faces will not intersect, but will lie close to each other within some 
é-hypersphere, where « is a small positive number. The intersection 
of n—1 of these surfaces is a curve; n different surfaces determine n 
such curves. When these curves are projected onto planes defined by 
pairs of co-ordinate axes, they should very nearly enclose a region in 


(4) 
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which permissible solutions for the communalities lie. A graphical 
estimate of these values could then be made, by selecting a point near 
the center of the nearly-enclosed region as it appears in the two-di- 
mensional diagrams. Depending on the size of «, this might yield 
fairly stable approximations. 

Another labor-saving device appears in case the minimum equa- 
tion of R is of lower degree than its characteristic equation. The 
minimum equation is defined as that polynomial m(x) of lowest de- 
gree such that m(R) = 0 (3, 77-79). The distinct factors of the char- 
acteristic and minimum equations must coincide. Should the minimum 
equation be different from the characteristic equation, it could replace 
the latter in the procedure developed above. The general conditions 
under which the two equations are distinct have not been investigated 
but certainly deserve consideration for the case of Gramian matrices. 
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NOTE ON THE “CORRECTION FOR CONTINUITY” IN TEST- 
ING THE SIGNIFICANCE OF THE DIFFERENCE 
BETWEEN CORRELATED PROPORTIONS 


ALLEN L. EDWARDS 
THE UNIVERSITY OF WASHINGTON 


Methods of correcting for continuity in tests of significance of 
the difference between correlated proportions are presented. These 
corrections should increase the range of usefulness of the formulas 
developed by McNemar (1). 


In a recent article in this journal, McNemar (1) developed sev- 
eral formulas for testing the significance of the difference between 
two correlated proportions. His formulas should prove extremely 
valuable, but their usefulness and accuracy may be increased if it is 
shown how corrections for continuity may be applied in using them. 
We are dealing with discrete frequencies and if the data are to be 
evaluated in terms of continuous distributions, either the normal dis- 
tribution or the chi square distribution, a correction is in order (2). 
The methods of making the correction are relatively simply and can 
best be illustrated with a numerical example. 


TABLE 1 
Fourfold Table of Original and Proportional Frequencies 


(I) (I) 









































No Yes No Yes 
Yes A B | A+B Yes 20 80 100 
(II) (II) | 
No | C p |c+p No | 60 40 | 100 
-A+C B+D N 80 120. 200 
(I) (I) 
No Yes Yes No 
Yes | a b Do Yes 10 40 50 
(IT) (IT) 
No c d Q No 30 4 50 
ee ae \gpiaitinaceeni 
q Py 1.00 40 .60\ “1.00 
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Let us take the hypothetical data of Table 1. We are interested 

in the significance of the difference between the two proportions, .60 

and .50. If the evaluation is to be made by means of the chi square 

distribution, then the correction for continuity is made by adding .5 

to the smaller of the two frequencies corresponding to cells A and D 

of Table 1, and subtracting .5 from the larger of the two frequencies. 

This correction will have the obvious result of reducing the absolute 

value of the difference, D — A, by unity. Then McNemar’s formula 
(6), corrected for continuity, may be written 

(\jD— A|—1)? 
P pea ° (1) 


Substituting in (1), above, we obtain 


(/40—20|—1)? 361 
= — = 6.0167. 
40 + 20 60 
If the evaluation is to be made by means of the normal distribu- 
tion, the correction for continuity is made by adding .5 to the fre- 
quency corresponding to the smaller value of p of Table 1 and sub- 
tracting..5 from the frequency corresponding to the larger value of 
p. Thus the corrected values are 
100.0 + .5 120.0 — .5 
Pp. = ————_ = .5025 and p,—=—————=—.5975. 
200 200 
The difference between these two values, .095, will, when divided by 
the standard error of the difference arrived at by means of Mc- 
Nemar’s formula (5), be equal to the t¢ ratio corrected for continuity. 
The correction may be most easily made by taking 


|(B+D)—(A+B)|—1 |D—A|—1 
N ig N : 


Using the difference obtained by means of (2) above and apply- 
ing McNemar’s formula (5), we obtain 


(Pi—P2)* _ (Pi— Pz)? __ (.095)? 
o d+a .0015 


Pe inenensnianittiee 


N 








(2) 





n= 


C= = 6.0167, 





which is identical, as it should be, with y? corrected for continuity. 
It may be noted that if we were working consistently at the 1 
per cent level of significance, the probability value attaching to 7? 
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or t, through failure to apply the correction for continuity, would, 
for the example cited, result in the rejection of the hypothesis tested. 
Correcting for continuity, however, the obtained value of 7? or ¢ 
would be consistent with the hypothesis tested. It is apparent that 
the correction may be of some importance in critical cases. This will 
be particularly true when any theoretical cell frequency is small for, 
in this instance, the probability arrived at by the ordinary y? test or 
t test will considerably overestimate the significance. The correction 
for continuity will increase the accuracy and usefulness of McNemar’s 
formulas (5) and (6) under these conditions and its application 
should be made a matter of routine procedure. 
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LEWIS M. TERMAN and MELITA H. ODEN. The Gifted Child Grows Up. 
Stanford: Stanford University Press, 1947. Pp. XII + 448. 


The Gifted Child Grows Up, which is Volume IV of Genetic Studies of Genius, 
is one of the most significant contributions to the psychology of development which 
has ever appeared. There is no other instance in which so prolonged and careful 
observations of such a large group of above-average persons have been accomplish- 
ed. The readers of Psychometrika are familiar with at least the outstanding 
features of this investigation. The present volume summarizes briefly the entire 
study, which now has been going on for more than twenty-five years. The methods 
of selecting the original group and the data which were secured at that time 
and at various subsequent times have been reviewed in some detail. 

The study was begun in 1921-1922. The first majcr follow-up was made in 
1927 and others were made in 1936, 1940, and 1945. Much information was ac- 
cumulated, moreover, between these dates. 

It will be remembered that the basis for acceptance into the group to be 
studied was an I. Q. of 140 or above (for particular reasons a few in the I. Q. 
range 135 to 189 were included). Thereafter, a very large number of observations 
were made on these individuals — their physical development, health record, 
academic achievement, economic status, social and emotional development, and 
the like. Highly trained persons were employed, and the best available measures 
were used. In many instances new instruments were devised. 

As the study progressed and the activities of members of the group became 
more varied and more mature, still other means of evaluation had to be employed. 
Occupational history, income, marital st.tus and adjustment, political attitudes, 
mortality and morbidity, the intelligence of spouses, and the intelligence of off- 
spring are among the many matters which have been noted and appraised. In- 
cluded, also, is a special study of those gifted children who are Jews. 

It has been a monumental task to choose, create and adapt measures ap- 
propriate to the desired goals; to establish their statistical reliability and validity; 
and to insure their comparability with each other and with the results obtained 
by them from persons of various age and cultural levels. Some children were 
accepted originally by the use of group tests; some by individual tests. In later 
years it was necessary sometimes to use a different test of some trait than the 
one previously employed. In many instances a group characteristic is represented 
by samples. Comparisons between the gifted and the generality often have been 
very difficult. The authors, with the aid of Dr. Quinn McNemar, have been 
very careful in their use of statistical findings and commendably cautious in 
their interpretation of these data, which so frequently are at best only approxi- 
mately objective. 

There are undoubtedly instances in which certain readers will not agree 
with the conclusions drawn, but these will be few in number. The authors, 
obviously, are impressed by the desirable qualities possessed by gifted individuals, 
but on the whole they have been very careful to indicate those points upon which 
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evidence is unavailable or inconclusive. That the gifted child, as defined by 
Terman and his associates — namely, one with an I. Q. of 185 or more — is 
a favored individual is amply borne out by the studies. He is healthier, does 
better school work, goes farther in his education, succeeds better in his occupation, 
is a little more likely to marry, marries earlier than those who have an equivalent 
education, is happier in his marriage, is less subject to mental disease, and has 
a lower mortality rate than those of the generality. His spouse, although not of 
as high intelligence as he, is well above the average; and a similar statement 
can be made concerning his children. It seems unfortunate that, although the 
families in many cases are not yet complete, it is unlikely that there will be 
enough of these children to perpetuate their parents. 

This study of gifted children, of which the present volume constitutes a 
twenty-five year report, should certainly be maintained for at least fifty more 
years. It is io be hoped that there may be some provision to guarantee this. 


University of Nebraska D. A. WORCESTER 


S. HOWARD BARTLEY and ELOISE CHUTE. Fatigue and Impairment in 
Man. New York: McGraw-Hill 1947. Pp. ix + 429. 


This volume by Bartley and Chute undoubtedly will be regarded as a valuable 
contribution in the history of psychology. It contains a vigorous and stimulating 
analysis of the problems of fatigue, regardless of the definitions which the reader 
may choose to employ. It provides an excellent summary of the various views 
and definitions of fatigue currently to be found in psychological, physiological, 
and medical literature; and presents a fairly adequate review of the experimental 
literature. It describes a systematic point of view of fatigue and related problems, 
emphasizes the psychological nature and importance of fatigue (as defined by the 
authors), and discusses needed research. In short, it constitutes “must” reading 
for every student interested in fatigue. 

In spite of these laudatory comments, the present reviewer finds much in 
the book with which to be dissatisfied. The major criticism is to be directed at 
the conceptual presentation itself. The following excerpts contain, in the opinion 
of the reviewer, the essence of that presentation. “In the present formulation, 
fatigue is regarded as an experiential pattern arising in a conflict situation in 
which the general alignment of the individual may be described as aversion. 
This particular pattern involves feelings of limpness and bodily discomfort which, 
besides being undesirable in themselves, are frequently taken as tokens of in- 
adequacy for activity. The subjective constituents of this fatigue pattern are not 
to be taken as epiphenomena, or as symptoms of fatigue, but as fatigue itself.” 
(pp. 47-48). Again, “Fatigue is part of the individual’s stance with reference to 
activity ...” (p. 54); Fatigue is a kind of behavior of the organism which is to 
be understood primarily in terms of organization. ... The factor of organization 
is particularly critical in the study of fatigue, since this stance always involves 
internal contradiction.” (p.55). 

The “experiential” nature of fatigue is differentiated from impairment as 
follows: “Impairment is a physiological change in tissue which reduces its ability 
to participate in the larger aspects of organic functioning. Impairment is identi- 
fiable only through the methods of physiology and biochemistry .. . Unlike fatigue, 
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impairment is never directly experienced.” (p. 48). Both fatigue and impairment 
are differentiated from work output which “includes all overt activity that is 
measured. . .” Furthermore: “Neither fatigue nor impairment can be measured 
by the work output of the intact organism. Activity may be used as a measure 
of impairment only when such systems as isolated nerve-muscle preparations are 
used. A given organ in the intact individual may not function owing to lack of 
innervation. Innervational deficiency is not in itself a sign of impairment, but 
rather a sign of disorganization.” (p. 49). 

Although many readers will agree with the authors in holding that the 
terms, “fatigue,” “impairment,” and “work output,’ have been used inconsistently 
and should be rigorously defined, and many will welcome the reservation of the 
term “fatigue” for the area of personal experience, some will question the rigor 
and validity of the definitions and distinctions. Looking first at the definition of 
fatigue, the concept that forms the nucleus of the volume, we find it to be an 
“experiential pattern” arising in a “conflict situation” in which the personal 
“alignment” is described as “aversion”; it is part of the individual’s “stance” 
and is to be understood in terms of personal “organization,” or elsewhere, “dis- 
organization.” Some readers undoubtedly will accept these terms at the face 
value intended by the authors but, in this era of semantic consciousness, it seems 
unfortunate that so many ambiguous words have been used in attempting a 
precise definition of a key concept, the past usage of which has been questioned 
by the authors. 

This kind of a criticism may appear to be an attempt to find fault, but to 
the reviewer it seems fundamental in any evaluation of Fatigue and Impairment, 
since, as the authors state, “a motivating factor in the production of this book is 
the belief that fatigue merits more serious consideration as a factor in human 
affairs.” (p. 4). We shall not quibble with the use of the term “aversion,” or 
even “experiential pattern.” The thorough reader will find each amply illustrated 
and qualified elsewhere. Unfortunately, the same cannot be said of the others. 
“Stance” is used frequently, but without direct or contextual definition, and ap- 
pears but once in the subject index which refers to its initial use on page 54. 
“Alignment” fares somewhat better in the index with seven page references and 
an additional cross reference to “realignment”; but after a thorough reading of 
the volume this reviewer is still uncertain of the intended significance of either 
term. True, certain inferences are possible from context, but such inferences 
hardly constitute a firm basis for a rigorous definition. 

The terms “conflict” and “organization” are accorded some specific attention, 
but with doubtful results. The authors state, for example, “Conflict is a term that 
has become restricted in meaning by its use in attempts to describe what occurs 
within the organism. These delimitations have been vague. To our knowledge no 
real definition of conflict has been made, nor shall we attempt such a definition 
here.” (p. 52). This last sentence is rather amazing in view of the use of the 
term in their definition of fatigue, their devotion of the whole chapter XVIII to 
works and reports by others on Conflict and Frustration, and the following state- 
ment: “To summarize our view, conflict is taken to be any clash or incompatability 
occurring within the organism; conflicts occur on all levels of organismic activity ; 
they lead directly to further disharmony, disorganization, and tend eventually to 
result in fatigue.” (p. 53). 

In spite of these rather serious criticisms, the reader is left in no doubt that 
the authors wish to reserve the term, “fatigue,” to describe a personal experience 
or “feeling” which is non-localized and which bears no necessary relation to 
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tissue impairment or to work output. Their claim that it results from unresolved 
conflict and represents organismic disorganization is supported by many ob- 
servations and quotations from the literature, but, as they say, has been subjected 
to little direct investigation. 

Passing to the definitions of impairment and work output, little need be said 
since they are of only secondary importance for the authors. Certain difficulties, 
however, might well be pointed out. It is to be doubted, for example, that there 
will be general acceptance of the statement, “. . . impairment is never directly 
experienced.” That it is not necessarily experienced, as the authors demonstrate 
for the “limiting condition” of anoxemia, is certainly true; but to confine the use 
of the term to esoteric phenomena only observable in the physiological or bio- 
chemical laboratory seems ludicrous. Moreover, the restriction in usage is in- 
consistent with the authors’ extensive discussion of “limiting conditions” of 
behavior (e.g., lack of sleep or excess of alcohol) which they regard as examples 
of impairment and some of which certainly are experienced by the individual as 
fairly unique “experiential patterns.’’ Furthermore, if work output “includes all 
overt activity that is measured,” and if “activity may be used as a measure of 
impairment [but] only when such systems of isolated nerve-muscle preparations 
are used,” then some impairment may be measured in terms of work output. The 
question arises, how is impairment knowable, even in the physiological or bio- 
chemical laboratory, except in terms of reduction in quantity and/or quality of 
function = activity = work output? One wonders, also, how authors who profess 
to a holistic or organismic approach could have refrained from emphasizing the 
objectively observable condition of “the organism as a whole” in any definition 
of impairment. 

The second major criticism which the reviewer would present concerns 
organization of material. The authors begin with an introductory chapter of 
five pages which gives, in a very brief fashion, the history and importance of 
their topic, their criticisms of past work, and their own point of view. Here they 
also state, “The style and choice of terms differ from chapter to chapter, in 
keeping with the field of science involved,” and add that, “While each chapter 
by no means stands alone, the selection of chapters in accordance with taste, 
interest, and background is quite possible.” The reviewer concurs but declines to 
accept the conditions as necessary or desirable. 

In chapter II we find a thorough presentation of “various views on fatigue” 
with a minimum of critical comment. In chapter III the major definitions and 
points of view of the authors are set forth and then the difficulties for authors 
and readers begin. In the following sixteen chapters, which are devoted to a rather 
complete review of the literature on fatigue and related topics, the authors are 
faced with the problems of qualifying statements made by various workers who 
use the same terms employed by them but with quite different connotations. The 
readers are faced with the difficulty of trying to determine who is speaking, 
original reporter or present authors. One cannot escape the wish that the authors 
had first reviewed the literature, then criticized it, and finally presented their 
own point of view, its bases, and its implications. Such an organization would 
have obviated the many qualifications, reinterpretations and restatements; and 
it would have precluded the laborious discussion of visual fatigue which is not 
fatigue, and of mental fatigue which is fatigue per se. Incidentally, it would have 
saved authors, type-setters, and readers a considerable amount of work. 

A third major criticism lies in the number of rather surprising statements 
which are literally “tossed off” without supporting evidence. In general, the 
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volume gives the appearance of being well documented, yet a number of ob- 
servations attest to a certain spottiness. On page 92 we read that “The vagus 
nerve .. . and its branches innervate the islands of Langerhans .. .,” a state- 
ment attributable tc an author cited elsewhere, but one that, in the light of 
current knowledge, should be documented. On the same page, “Diabetes develops 
when the latter two glands [anterior pituitary and adrenal cortex] become ex- 
cessively active and raise blood sugar too high”; and on page 226, “Skeletal 
muscle possesses a dual innervation. It is supplied not only by the somatic motor 
system, but also by the sympathetic.” No reference is offered for either state- 
ment and both certainly are still to be regarded as moot questions. It will be sur- 
prising to many workers to read that, “Although muscle tension has never been 
adequately measured in the intact organism, it is safe to conclude that no direct 
correlation exists between it and the common experience of feeling tense.”; (pp. 
377-378) ; or that “Few physicians. . . . would anticipate more than a partial ‘cure’ 
for hypothyroidism. . . by the oral administration of thyroid extract.” (p. 388). 
Others will undoubtedly raise their eyebrows at the footnote on page 881: 
“Anxiety is very nearly the exclusive property of psychoanalysis, forming the 
cornerstone for much of its theory. The nonpsychoanalytic formulations of anxiety 
are rather piecemeal and incomplete.” Even more amazing, in authors who are 
experimentally trained, is the uncritical acceptance of interview and case history 
studies which claim to support the thesis that personality patterns are relatively 
distinct fer the various psychosomatic disorders (pp. 372-373). In fact, after a 
reading of chapters XVIII and XIX on “CONFLICT AND FRUSTRATION” and “CHRONIC 
FATICVE AND RELATED SYNDROMES,” the reviewer can only conclude that the authors 
used admirable restraint in not depicting fatigue as a psychosomatic disease with 
its own personality pattern. 

In spite of these criticisms dealing with rigor of definition, organization of 
material, and a certain tendency to make incautious and undocumented state- 
ments in a critical work, let it be repeated that the reviewer considers Fatigue and 
Impairment to be an important contribution to psychology. It undoubtedly will 
stimulate thought and research on the important problem of fatigue, and that 
alone will mark the work as valuable;* it provides what is probably the best con- 
temporaneous review of research in the field;} and it rounds off these accomplish- 
ments by the addition of a section on related visual aids — a factor which too 
often is neglected in similar volumes. Unfortunately, for readers of Psy- 
chometrika, statistical aspects of the problem are conspicuous by their absence. 


University of California, Los Angeles M. A. WENGER 


JOHN G. DARLEY, Chairman, W. B. ALEXANDER, H. W. BAILEY, W. W. 
COOK, H. A. EDGERTON, K. W. VAUGHN. The Use of Tests in College. 
Washington, D. C.: American Council on Education, 1947. Pp. vii + 82. 


This brief bulletin is the ninth in the series of reports published by the 
American Council on Education’s Committee on Personnel Work in Colleges and 
Universities. Its purpose is to outline concisely but clearly the several functions 


*Readers interested in the point of view of the authors may confine their 
reading to chapters I, III, XV, XVI, XVII, XVIII, XIX, and XX. 

+Readers interested in a review of the pertinent literature may devote their 
attention to all chapters except I, III, and XX. 
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that standarized aptitude, achievement, interest, and personality tests may serve 
in colleges and universities. 

The first chapter is an introduction to the problems discussed in the other 
six chapters. The second chapter, “Who Shall Be Admitted?”, presents seven 
questions which each college should answer about each applicant for admission 
before a decision is reached to admit or reject him. It suggests sources of data 
to be used to answer these questions. The third chapter, “How Shall Students 
Choose Appropriate Curriculums?”, suggests procedures that may aid in the 
individualization of instruction and in the coordination of the varied curricular 
requirements and programs. The fourth chapter, “How Shall We Counsel 
Students?”, illustrates the uses of tests and other procedures in counseling 
students regarding various types of occupational, educational, and personal prob- 
lems. The fifth chapter, “How Shall We Measure Our Outcomes?”, suggests a 
testing program for the evaluation of progress toward the objectives of the in- 
dividual and the institution. The sixth chapter outlines the administrative or- 
ganization, policies, and program of a college testing service. Chapter seven 
outlines some fundamental principles regarding the construction, evaluation, 
and interpretation of tests. 

The point of view expressed throughout the book is that tests, properly used 
as supplements to other personnel procedures, provide the colleges with a more 
reliable, valid, and economical means of dealing with problems such as those 
stated above than is possible without the use of tests. The authors do not exag- 
gerate or minimize the function of tests in the college personnel program. In 
spite of the brevity of each of its chapters, the bulletin presents an extensive 
review of the possible uses of tests in college personnel work. 

The booklet probably contains little or nothing that is “new” to those who 
have been supervising testing services in colleges or universities, but it will be 
of use to such supervisers as a concise description of the scope and objectives of 
their services. The bulletin will be of use to college administrators as a guide in 
evaluating the testing services of their institutions. It will be of use to teachers of 
courses on testing and personnel work as possible supplementary reading material 
for their students. 

An adequate testing service in any college should aid the college staff to 
answer the questions discussed in this book regarding admission policies, counsel- 
ing methods, and evaluation of objectives. Consequently, the book will also be 
useful as a guide to those who are in the process of organizing a counseling and 
testing program for their institution. 


The University of Redlands WILBUR S. GREGORY 


OSCAR J. KAPLAN, Editor. Encyclopedia of Vocational Guidance. New York: 
Philosophical Library, 1948. Pp. xxi — 1422 in two volumes. 


Although the editor states in the preface of these two volumes that they are 
intended for use by professional counselors who do not have large library re- 
sources and by novice counselors, this encyclopedia will undoubtedly prove to be 
a handy reference for experienced counselors and those who have extensive 
library facilities. } 

The volumes are encyclopedia in form, covering several hundred topics which 
have been arranged in alphabetical order. These discussions have been written by 
283 persons who have published books, articles, or tests, or have made some other 
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contribution to the fields of psychometrics, psychology, guidance, or testing. 

A great variety of topics related to vocational guidance are included in the 
two volumes. (1) Brief discussions are presented regarding the validity, re- 
liability, standardization, and uses of a large number of tests. These discussions 
have been written, for the most part, by the originators of the tests. The tests 
are indexed under the headings of achievement, aptitude, intelligence, interest, 
etc., rather than by name or author. (2) Brief discussions are presented regard- 
ing the aptitudes and qualifications necessary for each of a variety of occupations. 
The brevity of these discussions necessitated the omission of detailed information 
that couselors and counselees will want, but these discussions will be useful be- 
cause they state very concisely the major requirements of each occupation. 

Other topics included in the encyclopedia may be grouped under these general 
headings: (3) the vocational guidance programs in operation in other countries 
indexed by countries (4) occupational opportunities and vocational guidance for 
the physically and mentally ill or handicapped, indexed by disability; (5) principles 
of test construction; (6) principles of test selection for a guidance program; (7) 
statistical procedures used in analyzing and interpreting test data; (8) guidance 
programs and policies in school systems; (9) the programs of many nation-wide 
organizations which are actively interested in vocational guidance; (10) the train- 
ing and qualifications of counselors; (11) the addresses of test publishers, with 
brief outlines of the history and policies of some of these agencies; (12) an 
excellent bibliography of 89 books of interest to counselors. Other topics are 
covered in these volumes which cannot be classified under the categories listed 
above, but the list above should serve as an indication of the scope of the encyclo- 
pedia. 
The fact that the encyclopedia consists of only two volumes with a total of 
1422 pages is both its major liability and its major asset. No books of these 
dimensions could cover all tests, all occupations, or all aspects of vocational 
guidance. Moreover, the reader cannot expect to find in these brief discussions 
the comprehensiveness or detail that are possible when an entire book or mono- 
graph is concerned with any one of these discussions. In spite of these limitations, 
many counselors and counselees will find the contents of these volumes very help- 
ful. Each article orientates the reader to the major problems and principles in- 
volved in the topic under discussion effectively and concisely. 


The University of Redlands WILBUR S. GREGORY 


DAVID KATZ. Psychological Atlas. New York; Philosophical Library, 1948. 
Pp. x + 142. Translated from German. Foreword by Philip L. Harriman. 


The book contains 396 illustrations classified under the following chapters: 
general psychology, characterology and typology, developmental psychology, physi- 
cal handicaps, abnormal psychology and psychiatry, occult phenomena, applied 
psychology, and animal psychology. The first 40 pages contain descriptions of 
the diagrams, most of them being less than three lines in length. The diagrams 
primarily represent developments in German psychology, very few characteristic 
movements of French, British, or American psychology being included. 

Psychometrics are represented in one form or another throughout the book 
with diagrams on the following: brain waves, gastric contractions, perimeters, 
perceptual tests, memory drums, reaction time apparatus, physiological tests, 
phrenological charts, composite photographs, typological photographs, personality 
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tests, children’s drawings, intelligence tests, percussion measurements, chiroman- 
cy, “spirits” writing board, vocational tests, mazes, problem boxes, conditioning 
techniques, etc. A diagram of a normal curve and a photograph of a common 
device for obtaining a normal type curve from dropping peas in a funnel are 
the two illustrations representing psychological statistics. Chapter IX contains 
the photographs of 41 “eminent psychologists” representing 12 nationalities. 

American psychologists will find the illustrations more entertaining than 
instructive. The reviewer cannot agree with the author’s inference that the Atlas 
will usefully serve the general reader as it will the classroom student. The Atlas 
is overly stocked with illustrations from applications that are not considered 
scientific psychology; and without further reference to scientific texts or to ex- 
planations through lectures, the reader could readily form the notion that psy- 
chology consists of the very pseudoscientific approaches from which it has been 
endeavoring to free itself during the past hundred years. 


University of California, Berkeley C. W. BROWN 
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